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SUMMARY

This repert describes the Advanced Unmanned Search System (AUSS) main battery
charge/discharge monitor system and its components. Also described is the emergency
processor battery charger. Charging/discharging instructions for the battery monitor, a
list of schematic drawings of the battery monitor and its components, and the com-
puter programs for the battery charges and discharges are included in this report as
appendices A through E.
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INTRODUCTION

This report is one of a series of reports that document the integration of several
components of the Acoustic Unmanned Search System (AUSS). The AUSS is the deep-
est, most advanced search system being developed to date. In an attempt to make the
system operate for longer periods and greater stand-off, a complex technology to put
higher energy into a small package becomes necessary. The high energy of a battery
can be likened to a bomb. This energy component presents a need to consider the
safety of the operating personnel. Several previous battery-powered systems have
caused injury and the loss of life.

The main goal of the battery monitoring system is to optimize battery life while
maintaining a safe operating energy system. Since the AUSS is not a single-run event,
the handling of the energy system becomes a requirement for repetitive operations. The
overall design goal is to monitor the battery and initiate cell isolation during charge
and discharge so that the battery can be safely charged and discharged yet optimized
for extended battery life. The life cycle of a battery can be as low as 20 cycles, and
the operators would need to know when cell life is over.

The AUSS system has a main vehicle battery used for propulsion, on-board com-
puters, and sensors. An emergency processor battery is also used to power the proces-
sor that monitors and controls the systems vital to vehicle recovery.

The AUSS main battery is a Yardney-manufactured battery, Model #LR140DC-1,
which is a 140-Ah cell. There are 80 such cells in 4 AUSS battery packs. Twenty cells
in each pack are connected in series and the four packs are then connected in series
for a total battery voltage of 120 Vdc. A battery cell functions properly between two
voltage plateaus, approximately 1.9 and 1.6 volts (V). These voltage plateaus are rough
indicators as to the cell’s charge state. The battery life can be greatly prolonged by
monitoring battery voltage during charge and discharge in order to evaluate each cell’s
charge state condition.

The manufacturer specification recommends that the battery cell voltage remain
within the high- and low-cell limits, so that cell damage can be avoided and cell life
increased. The high-voltage limit is 2.05 V and the low limit is 1.1 V. The specifica-
tions recommend that each cell be charged to the high-voltage cut-off level, 2.05 V, for
a complete charge. The geal of a battery charging monitor system is to continue to
charge all cells to their high-voltage limit in an effort to keep the battery as balanced
as possible. The monitoring system must isolate each cell that reaches the high-voltage
cut-off level, so that remaining cells can continue to charge. This is achieved by shunt-
ing a 1-ohm resistor across any cell that reaches the high-voltage limit. The resistor
isolates that cell by shunting the charge current and maintaining the cell voltage below
2.05 V. This cell isolation allows the rest of the battery cells to complete their charge.




A typical charge profile is one where the charge current is set at a rate close to the
highest discharge rate until one cell in the battery reaches the high cut-off level. At
this time the charge current is decreased to a lower rate, until a cell reaches the high-
voltage limit again. Any cell that reaches the high-voltage limit at the low-charge-
current rate is considered completely charged.

The high-charge rate for the AUSS battery is 7 amperes (A) and the lower rate is
2 A. If the high-voltage limit is exceeded during the battery charge a cell can be per-
manently damaged, and could go into an internal short circuit condition. An internal
short can create extreme heat, even to the point of starting a fire. The term “hot-
short” has been given to this condition.

The AUSS emergency processor battery is a nickel cadmium battery. Each cell is a
Sanyo Cadnica model KR-2800D with a nominal capacity of 2.8 Ah at a nominal volt-
age of 1.2 V. The emergency processor power requirement is approximately 2.8 A,
and the KR-2800 battery provides approximately 1 hour of emergency processor opera-
tion should the main battery supply be removed due to a vehicle subsystem failure.

BACKGROUND

The main vehicle battery has its own monitoring system so that the individual cells
can be monitored during a dive. These monitoring circuits are also used by the battery
charge/discharge monitor system (BCDMS). The BCDMS has several purposes, how-
ever, the main purpose is to remove cells from the charge/discharge when they have
reached either the upper or lower voltage limit. The BCDMS should also be able to
change charge conditions as warranted, detect hot-shorts, measure charge current, and
effect necessary changes, note when cells are not taking a charge along with the rest of
the battery, and secure the charge/discharge when any hardware components associated
with the monitor system are not functioning properly. Additionally, the monitor should
keep a record, via data file, of the cell voltages and charge rate changes during the
entire charge.

The emergency processor (EP) battery is composed of NiCad batteries as mentioned
earlier, and they have the undesirable feature known as the “memory effect.” This
effect can limit the batteries’ capacity since it “remembers” the previous discharged
amount and will only charge back up to an amount equivalent to the discharge. This
mentioned effect causes problems when the battery is only discharged a portion of its
total ampere-hour capacity. The memory effect makes it desirable to completely dis-
charge a NiCad battery before it is charged. This along with the desire to have a
hands-off EP battery charger warranted an EP battery charger.




BATTERY CHARGE/DISCHARGE MONITOR SYSTEM

The BCDMS is made up of five subassemblies:
1. Battery packs and cell monitor boards
Sytron powers supplies

Computer and I/O board

& oW

.Computer interface/isolation circuit board (CL/ICB)
5. Charger relay control and battery cell isolation relay boards

Figure 1 is the block diagram for these subassemblies. The interconnect diagram is
labeled battery charging system interconnect diagram and is designated NRaD drawing
0128047. The interconnect diagram shows a seven-digit number for each subassembly
that has an NRaD drawing number.

BATTERY PACKS AND CELL MONITOR BOARDS

The AUSS battery is made up of four 20-cell battery containers. The vehicle wiring
harness connects the battery containers in series so that total battery voltage is the sum
of 80-cell voltages. These battery containers are referred to as battery packs A, B, C,
and D. Figure 1 illustrates how the battery packs are connected within the BCDMS.
The cell monitor boards (CMBs) are located within each battery pack. The CMBs can
sequentially step through each cell of the four battery containers and provide a cell
voltage for the BCDMS. The schematic diagram numbers for the CMB and the cell
monitor relay board are listed in appendix C.

SYTRON POWERS SUPPLIES

The Sytron power supplies can be computer-controlled for constant current. Battery
packs A and B are connected in series and then connected to Sytron power supply #1,
refer to NRaD drawing 0128047. Each power supply is rated for 150 V at 20 A. The
low-voltage power supplies (+15, -15, and +5 volts) are shown in figure 1 and are lo-
cated behind the Sytrons. These power supplies-provide power to the computer inter-
face/isolation circuit board (CI/ICB) and the charger relay control and relay/resistor
boards.

COMPUTER AND INPUT/OUTPUT BOARD

The Computer subassembly controls the progress of the battery charge. It generates
the reset and clock pulses required for the CMBs. The computer sequentially clocks
through the battery and measures the individual cell voltages. After each sequential
clock cycle, the computer checks to see if a hot-short is in progress by checking if the
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cell voltage is less than 1.5 V. If true, the computer prints a message that the measured
cell is below 1.5 V, secures that cell’s charger and opens the relays affected by the cur-
rent change. This condition can only exist if a cell is not taking the charge and its voitage
is going in the wrong direction (down). The computer’s next check is to determine if the
cell has reached the high-voltage limit. When this limit is reached the program determines
if that charger is at the 7-A rate or if the cell needs to be shunted with a resistor. If at the
7-A rate, the power supply affecting that cell is shifted to the 2-A rate and the relays for
that bank .of cells are enabled for future conditions when the cells need to be shunted by a
resistor. The shunting of a cell effectively takes that cell out of the circuit. Once a cell has
been shunted with a resistor its cell voltage should never exceed 2 V. If a shunted cell
voltage does exceed this 2-V level, the computer secures the power supply charging that
cell and opens the relays affected by that power supply’s current change. The next test
then determines if the measured current is the same as the commanded current. If the
measured current is greater than the commanded current, the charge is secured.

These checks are made, on each subsequent cell until the entire battery has been
checked. Once all 80 cells have been monitored, the high- and low-cell voltages are
determined and total ampere-hours are calculated. The computer then displays the last
80-cell voltages, the high and low cells, the measured current for each charger, the
total number of cells latched to a resistor, the commanded current and the actual
measured current, the total ampere-hours for each charger, the sum of the cell voltages
(battery voltage), and the overall average cell voltage. After 10 cycles through 80 cells,
the most recent data previously displayed are recorded to the TEMP1 file on the hard
disc. Other information is available to the operator as explained in the Charging and
Discharging Instructions for Battery Monitor, appendices A and B respectively.

The file name of the GWBASIC program that executes these instructions is
CHG.BAS. A temporary file called “TEMP1” is created during the charge and contains
all pertinent charge information. After the charge is complete TEMP1 should be save
through the use of PKZIP and then deleted. The next battery charge information will
be appended to the previcus charge if the file is not deleted.

COMPUTER INTERFACE/ISOLATION CIRCUIT BOARD (CI/ICB)

The CUICB circuit, refer to NRaD drawing 0127973, is used to change the control
and clock signals from the computer to an RS/232 format, isolate the computer digital-
to-analog (D/A) outputs from the “floating” control boards on the Sytron power sup-
plies, and shut down the charger current and relay control current in the event
computer power or low-voltage power supplies are removed.




CHARGER RELAY CONTROL AND BATTERY CELL ISOLATION RELAY
CIRCUIT BOARDS

The mai~ furcrion of the charger relay control board (CRCB), NRaD drawing
0127970, i+ + :nergize the isolation relays located on the battery cell isolation relay
printed circuit board (PCB) (NRaD drawing 0122772). The CRCB accomplishes this by
converting the RS/232 signals from the computer interface circuit board to transitor-
transistor logic (TTL) levels, and sequentially stepping through the cell monitor PCB
(0122510), so that each cell is sampled. The CRCB provides a buffered-cell voltage to
the computer for computer sampling for charge-state and cell-isolation requirements.
The cell voltage is also provided to an analog-to-digital (A/D) converter on the CRCB
for noncomputer-controlled charges. The CRCB can be configured for operation with-
out a computer so that the relay latch conditions are completely controlled by the A/D
and logic circuits. The CRCB has always been configured for computer control, TP2
shorted to TP3. Refer to NRaD drawing 0127970.

The CRCB energiz 5 the appropriate relay when the charge conditions so dictate,
shunting a 1-ohm resistor across an individual cell. The five battery cell isolation relay
(BCIR) PCBs are interconnected as per the NRaD drawing 0127973. The BCIR PCB
has 16 identical circuits, except for the relay energize control lines. The control lines
are configured on each board for its location within the charger rack, refer to NRaD
drawing 0122772. Five of these boards accommodate the 80 cells in the battery. The
relay pins on the BCIR boards are wired to connectors ABC&D, NRaD drawing
0122772, and are connected to the individual cell lines on J2 of the cell monitor relay
board, thus providing the necessary individual cell connections for relay/resistor isola-
tion. Reset commands from the computer can open relays 1 through 40 inclusively,
and/or 41 through 80 inclusively.

EMERGENCY PROCESSOR BATTERY CHARGER

The function of the EP battery charger is to completely discharge the NiCad batter-
ies used in the EP battery packs and then automatically switch to a charge configura-
tion. The charger should then maintain a “trickle” charge on the battery until it is
reinstalled on the vehicle. The charger has three identical circuits to accommodate con-
tinuous vehicle use of EP batteries.

A partially discharged EP battery requires approximately 16 hours to be completely
discharged and recharged. This means that two more EP battery packs must be avail-
able for continuous vehicle use on AUSS. See figure 2 for emergency processor battery
charge/discharge time.

To operate the EP charger, connect a partially discharged EP battery to one of the
three connectors on the EP charger and press the reset button nearest that connector.
The EP charger then shunts the battery with a high-wattage resistor and discharges the




cell until it reaches the low-voltage cut-off level. During this time a red light-emitting
diode (LED) is illuminated to indicate the discharge cycle. The EP charger then
changes to a charge configuration and charges at a constant current rate (280 mA) for
15 hours. During this interval there is a yellow LED illuminated to indicate the charge
is in progress. After a 15-hour timeout, the EP charger switches to a trickle rate

(20 mA) to maintain a charged battery until the next vehicle installation.

The schematic diagram for the EP battery charger is NRaD drawing 0128050, emer-
gency processor battery charszr.

I HOUR DISCHARGE

8 HOURS 15 HOURS 8 HOURS
OPERATE CHARGE OPERATE
8 HOURS § 15 HOURS 8 HOURS
OPERATE CHARGE OPERATE
g
8 HOURS = 15 HOURS 8 HOURS
OPERATE CHARGE OPERATE

Figure 2. Emergency processor battery charge/discharge time.

LESSONS LEARNED

A new battery cell has a fixed number of cycles. A discharge followed by a charge
represents one cycle. Also, once a cell has been charged by the initial “wetting” with
the electrolyte, it has a limited shelf-life. It has been observed that the shelf-life of the
battery is approximately 12 months, but can last longer when the battery is cycled
regularly. The battery cell can withstand more cycles by avoiding exposure to voltages
above or below the high- and low-cell voltage plateaus as advertised by the manufac-
turer. However, in a series battery cell configuration, one cell can limit the charge or
discharge of the entire battery if that cell reaches the voltage limits too soon. This con-
stitutes an unbalanced battery since all of the cells do not have the same charge state.




As mentioned in the introduction, the goal of the BCDMS is to maintain a safe
operating energy system and to keep the battery balanced so as to optimize charge and
discharge cycles to extend the battery life. The BCDMS is designed to isolate cells that
have reached the high- or low-voltage cut-off points so that the remainder of the cells
can be brought to the same charge state as the cell that had been isolated and avoid
hot-shorts, which can cause fires and explosions. Due to the imperfections in cell con-
struction the battery can still become unbalanced even after ten or more cycles where
it becomes necessary to conduct an equalizer discharge and equalizer charge.

We observed through several equalizer charges that the battery appeared to balance
better when the equalizer charge was preceded with an equalizer discharge. An
equalizer discharge is a discharge where each cell is brought to the low-voltage cut-off
by discharging the cells through the shunt resistors. Once a cell reaches its cut-off volt-
age, the resistor shunt circuit is opened so the remainder of the battery cells could be
uniformly discharged. The equalizer discharges are followed by an equalizer charge,
and the individual cells reach their respective high cut-off voltages at very nearly the
same point in time, achieving a more balanced battery.

The discharge ampere-hours for three types of batteries used from March 1985 to
June 1992 are shown in figures 3 through 6. The third battery was of different manu-
facture from the Yardney LR type. The first three batteries were 230-ampere-hour bat-
teries. As can be seen from the plots, the 230-Ah batteries had a higher mean
discharge level, but never really used the full potential rating of the battery. The fourth
plot shows the history of the 140 Ah battery, which was monitored during charge and
discharge by the BCDMS. The mean discharge cycle of the fourth battery was within
91 percent of the rated ampere-hour capacity for the LR 140 battery cell. The mean
discharge cycles on batteries one, two and three were 37 percent, 59 percent, and
57 percent respectively. These data indicate that keeping better control on the voltage-
limit levels of the cells can improve battery performance. Since the batteries have all
had several cell failures at approximately 12 months, the BCDMS did not increase the
life of a battery.

The manufacturer recommends when the battery is not being used for any length of
time greater than 2 weeks, it was better for the battery to be in the discharged state. In
the discharged state, the cells have less stress on the plates since the voltage potential
is lower.




AMPERE-HOURS DISCHARGED

AMPERE-HOURS DISCHARGED

BATTERY NUMBER ONE YARDNEY MODEL LR230

150
TOTAL AMPERE-HOURS
CONSUMED 2721

MEAN DISCHARGE
CYCLE 85 A-H

100}

0
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85 8 8 8 8 8 8 8 8 8 86 86

Figure 3. Battery number one Model LR230.

BATTERY NUMBER ONE YARDNEY MODEL LR230

200 TOTAL AMPERE-HOURS 1
CONSUMED 2866
MEAN DISCHARGE
CYCLE 136 A-H

150 |

100

w 4
0 .
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Figure 4. Battery number two Model LR230.
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AMPERE-HOURS DISCHARGED

AMPERE-HOURS DISCHARGED

BATTERY NUMBER THREE BST MODEL AZL 230 DC-1

TOTAL AMPERE-HOURS
CONSUMED 1044
150 MEAN DISCHARGE
| CYCLE 1305 A-H
|
100
50
0 .
MAR APR MAY JUN JuL
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Figure S. Battery number three Model BST230.
BATTERY NUMBER FOUR YARDNEY MODEL LR140
TOTAL AMPERE-HOURS
CONSUMED 2173
150 MEAN DISCHARGE
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120 1
20
60 H 1
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Figure 6. Battery number four Model LR140.
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I CONNECTIONS

The battery charging monitor system (BCMS) should be checked for proper hook-
up. Disconnect the plugs that connect the cell monitor boards (CMB) to the connectors
on the opposite ends of the battery boxes. Refer to AUSS drawing number 0128047,
battery charging system interconnect diagram. The four cables labeled A, B, C, and D
attached to the battery cell isolation relay PCBs in the battery room are connected in
parallel with the CMB relay PCB plugs J2. Connect P1 through P5 on the charger relay
control board for the charge configuration. AUSS drawing charger relay control board
schematic (0127970) documents the electrical connections for P1 through P5 while
NRaD drawing component layout relay control board (0126815) documents where the
plugs are located on the charger relay control board. Next, connect charger power sup-
ply cables, plugs A, B, C, and D, to the after end of the battery packs.

Note: Once these last set of plugs are mated to the battery boxes,
total battery voltage is present through the molexes behind the
computer rack.

First, turn on the computer. Next, turn on the monitor power supply, located
behind computer. Use the lowest mounted toggle switch located on the side of the
power supply, labeled “on” toward the wall. Next, switch the relayv enable (24 V) con-
trol to the up position. Then, turn on the 120 Vac for the cooling fans, also “on” is
up.

The Sytron power supplies are not turned on until the charge monitoring program
has been loaded and then “run” to initiate a reset to the input/output (I/O) board
digital-to-analog outputs. The I/O is configured so that a -2.5 Vdc is provided to the
Sytron power supplies when commanded by a reset from the computer.

II PROGRAM INITIALIZATION AND OPERATION

The BCMS program is a GWBASIC program. The computer autoexec.bat file brings
the computer “up” in the GWBASIC software. The program can be loaded by hitting
the F3 key after the OK prompt is displayed once the computer has “booted” into
GWBASIC. Once “LOAD” is displayed, type CHG and enter. Then type “Run” and
press return(ENTER). Answer questions to the prompts as necessary for the charge
configuration you are selecting. Note: Once in the GWBASIC program, do not hit the
return key except after answering a question by making a numerical entry. Answering

[

y” or “n” to any question does not require a return key entry.

The first program prompt allows the operator to reset all the outputs, setting charg-
ing power supplies to zero current, opens any latched relays, and resets counters on
CMB.

The second prompt requests an input for the total ampere-hours taken out of the
battery during the previous dive. The discharge ampere-hour figure is then stored on
the hard disc prior to the start of a charge.
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The third prompt provides the operator the option to select desired relays for clos-
ing when the selected relay is sequenced during a battery monitor scan. This is neces-
sary when restarting a charge that has already latched out cells that have reached the
high-voltage cut-off.

The final prompt is for inputting the desired charge current and charge configura-
tion. There are four charge configurations, both chargers at either the 7-A rate or the
2-A rate, one charger at the 7-A and the other at the 2-A rate, and both chargers at
the 0-A charge rate. The selection of the charge rate sets up the charging configuration
within the program.

IIT FUNCTION KEYS

The program has soft keys as described below. They allow the operator to monitor
the charge at his discretion, e.g., make a printout, look at the high and low cells, send
latest charge data to the hard disc for future reference, etc.

F1: The F1 function key directs the printer to print the most recent charge informa-
tion. F1 can be used as a means for establishing a hard copy of the battery charge
progress. The information printed includes: the time and date, the most recent cell
voltages, relay latch conditions, the average cell voltage of all 80 cells, the total battery
voltage, the total charge amp-hours for both chargers, the high- and low-cell voltages
for both charger packs (charger pack one [1] refers to cells 1 through 40), and the
power supply current, both the measured and commanded current. See table A.1.

F2: The F2 function key displays the same information as the F1 key, but the data
are displayed on the computer screen. See table A.2.

F3: The F3 function key is used to toggle the displayed individual cell information
on and off. When the F3 individual cell display is off, the F2 function is displayed
automatically after all 80 cells have been updated. The F3 function key on causes each
cell voltage to print to the display, this is the slower sample mode. The slower mode
of operation is automatically switched off when any cell reaches the high-voltage level
while at the 2-A rate.

F4: The F4 function key displays the 80 relay latch conditions. A number “1” indi-
cates that the relay has been commanded to latch a 1-ohm resistor across that cell. See
table A.3.

F6: The F6 function key allows the operator to make current supply adjustments.
The instantaneous current measurements are displayed, and the program then prompts
the operator to enter new values if desired.
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Table A.1. Information is printed to printer when F1 is
pressed, and to the hard disc when F7 is pressed.

14:15:17

1 1.964V RELAY IS

3 1.964V RELAY 1S

5 1.964V RELAY IS

7 1.964V RELAY IS

9 1.964V RELAY IS
11 1.964V RELAY IS
13 1.964V RELAY IS
15 1.964V RELAY IS
17 1.964V RELAY IS
19 1.964V RELAY IS
21 1.964V RELAY IS
23 1.964V RELAY IS
25 1.964V RELAY IS
27 1.964V RELAY IS
29 1.964V RELAY IS
31 1.964V RELAY IS
33 1.964V RELAY IS
35 1.964V RELAY IS
37 11.964V RELAY 1S
39 1.964V RELAY IS
41 1.964V RELAY IS
43 1.964V RELAY IS
45 1.964V RELAY IS
47 1.964V RELAY IS
49 1.964V RELAY IS
51 1.964V RELAY IS
53 1.964V RELAY IS
55 1.964V RELAY IS
57 1.964V RELAY IS
59 1.964V RELAY IS
61 1.964V RELAY IS
63 1.964V RELAY IS
65 1.964V RELAY IS
67 1.964V RELAY 1S
69 1.964V RELAY IS
71 1.964V RELAY IS
73 1.964V RELAY IS
75 1.964V RELAY IS
77 1.964V RELAY IS
79 1.964V RELAY IS
ELL AVERAGE = 1.964

* %

iIGH
~OW

TOTAL AH CHG #1

CELLS ARE CELL NO.
CELLS ARE CELL NO.

ACTUAL CURRENT

DATE 01-09-1992

NOT LATCHED 2 1.964V RELAY
NOT LATCHED 4 1.964V RELAY
NOT LATCHED 6 1.964V RELAY
LATCHED 8 1.964V RELAY
NOT LATCHED 10 1.964V RELAY
NOT LATCHED 12 1.964V RELAY
NOT LATCHED 14 1.964V RELAY
NOT LATCHED 16 1.964V RELAY
NOT LATCHED 18 1.964V RELAY
NOT LATCHED 20 1.964V RELAY
LATCHED 22 1.964V RELAY
NOT LATCHED 24 1.964V RELAY
NOT LATCHED 26 1.964V RELAY
NOT LATCHED 28 1.964V RELAY
NOT LATCHED 30 1.964V RELAY
NOT LATCHED 32 1.964V RELAY
NOT LATCHED 34 1.964V RELAY
LATCHED 36 1.964V RELAY
NOT LATCHED 38 1.964V RELAY
NOT LATCHED 40 1.964V RELAY
NOT LATCHED 42 1.964V RELAY
NOT LATCHED 44 1.964V RELAY
NOT LATCHED 46 1.964V RELAY
NOT LATCHED 48 1.964V RELAY
LATCHED 50 1.964V RELAY
NOT LATCHED 52 1.964V RELAY
NOT LATCHED 54 1.964V RELAY
NOT LATCHED 56 1.964V RELAY
NOT LATCHED 58 1.964V RELAY
NOT LATCHED 60 1.964V RELAY
NOT LATCHED 62 1.964V RELAY
LATCHED 64 1.964V RELAY
NOT LATCHED 66 1.964V RELAY
NOT LATCHED 68 1.964V RELAY
NOT LATCHED 70 1.964V REILAY
NOT LATCHED 72 1.964V RELAY
NOT LATCHED 74 1.964V RELAY
NOT LATCHED 76 1.964V RELAY
LATCHED 78 1.964V RELAY
NOT LATCHED 80 1.964V RELAY
TOTAL BATTERY VOLTAGE = 138.9
78.2 ** TOTAL AH CHG #2 = 76.1
2 1.993 AND CELL NO. 77
23 l1.903 AND CELL NO. 49

CHARGER #1 (CELLS 1 THRU 40) IS

CHARGER #2 (CELLS 41 THRU 80) IS 6.92

1.99 AMPS
AMPS

NOT
NOT
NOT
NOT

LATCHED
LATCHED
LATCHED
LATCHED
NOT LATCHED
NOT LATCHED
LATCHED

NOT LATCHED
NOT LATCHED
NOT LATCHED
NOT LATCHED
NOT LATCHED
NOT LATCHED
LATCHED

NOT LATCHED
NOT LATCHED
NOT LATCHED
NOT LATCHED
NOT LATCHED
NOT LATCHED
LATCHED

NOT LATCHED
NOT LATCHED
NOT LATCHED
NOT LATCHED
NOT LATCHED
NOT LATCHED
LATCHED

NOT LATCHED
NOT LATCHED
NOT LATCHED
NOT LATCHED
NOT LATCHED
NOT LATCHED
LATCHED

NOT LATCHED
NOT LATCHED
NOT LATCHED
NOT LATCHED
NOT LATCHED

1.992
1.905

COMMANDED CURRENT

2.1 AMPS
6.9 AMPS




1
11
21
31
41
51
61
71

Table A.2. Information displayed on computer screen when function
key F2 is pressed.

1 2 3
1.95 1.95 1.95

1.95 1.95 1.95
1.95 1.95 1.95
1.95 1.95 1.95
1.95 1.95 1.95
1.95 1.95 1.95
1.95 1.95 1.95
1.95 1.95 1.95

CELL AVERAGE = 0.000 **

HIGH
Low

CELLS ARE CELL NO.
CELLS ARE CELL NoO.

4
1.95

1.85
1.95
1.95
1.95
1.95
1.95
1.95

TOTAL

0
1

TOTAL NUMBER OF CELLS LATCHED FOR 1 THRU 40

COMMANDED CURRENT CHARGER # 1 IS
ACTUAL MEASURED CURRENT CHARGER # 1

' FUNCTION KEY 4 DISPLAY TO SCREEN '

RELAY LATCH CONDITTIONS ( O = OPEN

11
21
31
41
51
61

O O O O O = O o
©O O O ¢+ O © o o

71

© ~# O O O © O o

5 6 7 8 9 10
1.95 1.95 1.95 1.95 1.95 1.95
1.95 1.95 1.95 1.95 1.95 1.95
1.95 1.95 1.95 1.95 1.95 1.95
1.95 1.95 1.95 1.95 1.95 1.95
1.95 1.95 1.95 1.95 1.95 1.95
1.95 1.95 1.95 1.95 1.95 1.95
1.95 1.95 1.95 1.95 1.95 1.95
1.95 1.95 1.95 1.95 1.95 1.95

AH CHG #1 = 0.0 ** TOTAL AH CHG #2 = 0.0
0.000 AND CELL NoO. 41 1.950
1.950 AND CELL NO. 41 1.950
0 FOR CELLS 41 THRU 80 0
2 AMPS CHARGER # 2 1S 2 AMPS
2.25 AMPS CHARGER # 2 2.35 BAMPS
Table A.3. F4 function key displays the 80 relay latch conditions.
1 = CLOSED )
4 5 6 7 8 9 10
0 0 0 1 0 0 0
1 0 0 0 0 0 0
4] 0 0 0 1 0 0
0 1 0 0 0 0 0
0 0 0 0 0 1 0
0 0 1 0 0 0 0
0 0 0 0 0 0 1
0 0 0 1 0 0 0
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F7: The F7 function key records data to a hard disc file called “TEMP1.” The data
are the same information sent to the printer with the F1 key. The F7 function is auto-
matically tasked every time the program completes 10 cycles through the battery pack.
This function key allows the operator to command this task at anytime, i.e., right after
the first 80-cell voltages when the charge is first started or prior to securing. However,
the data are not transferred to the TEMP1 file until the present 80-cell sampling
sequence is completed. Four beeps are sounded when the task has been executed.

F10: The F10 function key is used to toggle the continuous tone off, if tone does
not go off then the program is not running. The operator must execute the control
break (CTRL-BRK) to exit the program followed by an F2(RUN) and answer the first
question with a “y,” resetting the chargers to zero and opening the relays.

IV COMPUTER-GENERATED ALARMS
The following list summarizes the alarms and the appropriate operator response:
**x 3 WBEEPS" *»#*

Under program control the computer generates two beeps after a complete battery
monitoring cycle, 80 new cell values. The short moment of time between the first and
second beep would be a recommended time to press F1 and send the latest data to the
printer or hard disc, since the most complete and recent data are available.

2% 4 "BEEPS EXX

The computer has just sent the most recent data to the hard disc. The event can
also occur whenever the F7 key is depressed during cell-voltage checks, but only after
the two beeps are sounded indicating, the most recent data are available.

*** CONTINUOUS TONE *#**

Several events can trigger this type of alarm. Every time this alarm is sounded the
power supply affecting the cell that triggered the alarm is secured and the 40 relays
that could be shunting resistors of that same group of 40 are opened. Then a message
is printed indicating which cell caused the alarm, what change was made to the charge
configuration, and why the alarm was initiated. Examples are

Cell voltage over 2.06 V.
Cell value over 2.00 V with the cell shunted by a 1-ohm resistor.

Cell value less than 1.30 Vdc, indicating possible hot-short during charge or cell not
taking charge.

Current measures 1.0 A greater than the commanded current.

Current measures 0 A with relays enabled by the 2-A selection at the start of pro-
gram. This prevents a relay from discharging a cell if the charge current stopped.




V SECURING THE BATTERY CHARGE

An emergency shutdown can be executed by turning the computer off followed by
shutting off the Sytron power supplies. The power supply current should go to zero
when the computer is secured.

A normal shut down sequence should include a printout and the recording of the
latest data to the hard disc (Function keys F1 and F7). To complete a normal shut-
down sequence, press F7 and then press F1 immediately after the first beep of the
two-beep sequence. If the program is displaying individual cell voltages, toggle F3 to
speed up the sample rate. Once the printout is complete and the four beeps have been
heard, indicating that the “TEMP1” file was updated, execute a control break. The pro-
gram is now stopped. Press F2, which restarts the program, and answer yes to the first
question, setting power supplies to zero and resetting all other conditions. Then secure
to the Sytrons, the monitor power supply, the fans, the 24-V relay enable switch, and
finally the computer and printer.
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I CONNECTIONS

All connections should be connected according to the charging instructions for bat-
tery monitor connections.

Turn on computer. Next turn on monitor power supply located behind computer.
Use the lowest mounted toggle switch located on the side of the power supply labeled
“on” to starboard. Next switch the relay enable (24 V) control to the up position. Then
turn on the 120 Vac for the cooling fans, also “on” is up.

The batteries are connected to four high-wattage resistors for the high-current dis-
charge as shown in figure B.1, high-current discharge load configuration. The current
can be as high as 10.5 A during this discharge configuration, so first make sure the
toggle switch is in the open position. The battery will start discharging through the
resistors as soon as the toggle switch is closed. The program for discharging at the
high-current rate should be loaded and running when the toggle switch is closed. The
toggle switch is then opened and the molex connections removed once any one of the
cells have reached the low-voltage limit. This condition will be indicated by a steady
tone from the computer, so the high-current-rate discharge must be monitored fre-
quently.

The discharge is then continued using the 1-ohm resistors on the relay/resistor cir-
cuit board with the low-discharge rate program explained below. NRaD drawing
0128047, battery charging system interconnect, should be referred to for initial dis-
charge set-up.

II PROGRAM INITIALIZATION AND OPERATION

There are two discharge programs: the high-current discharge program labeled
“DISCHGH,"” and the low-current discharge program labeled “DISCHGL.” The pro-
grams are loaded in the same manner as the “CHG” program for the charging opera-
tion. The “DISCHGH?” is used to monitor the discharge while in the high-current con-
figuration, i.e., the high-wattage resistors shunting the four battery packs. The
“DISCHGL.” is for monitoring the discharge while the cells are shunted by the relay/
resistor circuit card, thus allowing the computer to control the progress of the dis-
charge.

The “DISCHGH” program monitors the cells at the high-sample rate. The discharge
circuit is a semifixed arrangement, so when any cell reaches the low-voltage level the
computer generates a continuous tone but cannot do anything to stop the discharge.
The tone alerts the operator the high-current rate needs to be secured by opening the
toggle switch in the resistor load circuit. Refer again to figure B.1. It is imperative that
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the low cell, as displayed by the computer, be monitored frequently by the operator so
as to note when the low cell is starting to reach the low-voltage cut-off. By anticipating
the low-voltage alarm, the operator can stop the high-discharge current before cell
damage can occur. The operator must then stop the program by simultaneously hitting
the control and the break keys. The “DISCHGL” program is then loaded and run by
typing “load dischgl” followed by a return, and then hitting the F2 key.

The “DISCHGL” program has three prompts. The first prompt asks the operator if
a system reset should be initiated. An answer of yes to this question will reset the
monitor clock circuits, reset all relays open, and clear all variables within the program.
The next prompt is for setting up the program to shunt all cells with 1-ohm resistors.
This is accomplished once the program starts running and completes a full battery
cycle, 80-cell samples. The cells selected by this prompt are shunted as the monitor
cycles to each cell during a normal monitoring sequence. Once the monitor completes
the first 80 samples, shunting the selected cells, the computer prompts the operator as
to whether the connections for relay control during discharge have been changed. Refer
to NRaD drawing 0127970 for the proper plug connections for discharge. At this point
the plugs P1 through P5 are changed. This configuration now allows the computer to
open the relay/resistor discharge path when a cell reaches the low-voltage limit. Once
the operator has changed plugs P1 through P5, he answers the prompt with a “y.”

The battery cells are now being discharged at a low-current rate under the control
of the computer. This continues until all 80 relays have been latched open. The battery
is now completely discharged.

IIT FUNCTION KEYS

The function keys operate the same as the charging function keys.

IV COMPUTER-GENERATED ALARMS

The computer-generated alarms operate the same as the charging alarms except as
previously noted in these instructions.

V SECURING THE BATTERY DISCHARGE

The battery discharge will be secured one cell at a time until all cells have reached
the low-voltage level. The computer and power supplies will have to be secured the
same as the charging procedures describe.
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APPENDIX C—AUSS SCHEMATIC DRAWINGS
ASSOCIATED WITH BATTERY CHARGE/DISCHARGE
MONITOR SYSTEM

, NRaD
DRAWING NO. DRAWING TITLE

0122510 Cell Monitor Schematic
0122513 Cell Monitor Relay Schematic
0122772 Cell Relay/Resistor Isolation Schematic
0.127970 Charger Relay Control Circuit Board
0127973 Computer Interface/Isolation Circuit Board
0128047 Battery Charging System Interconnect Diagram
0128048 Cell Monitor PCBs Charging Interconnect
0128049 Vicor DC-DC Interconnect Charging System
0126815 Component Layout Relay Control Board
0128050 Emergency Processor Battery Charger




APPENDIX D—BATTERY CHARGE PROGRAM “CHG.BAS”

- - n .

1

reswsanensnr  CHG.BAS  as of 3/13/92  TIME 1345 wawwsswwes
DEFINT A-2 * ASSIGN ALL LETTERS AS INTEGERS

LC1¥ = 3 : LC2# = 3 ' SET LOWEST CELLS FOR #1 & #2 CHARGERS ABOVE 0
WIDTH “lpti:®,78
BASE . ADDRESS
COMMAND . REGISTER
STATUS .REGISTER
DATA.REGISTER

&H2EC ‘DY 2801 memory assignments
BASE.ADDRESS + 1

BASE .ADDRESS + 1

BASE .ADDRESS

nwwuwun

COMMAND .WAIT &H4

WRITE.WAIT = &H2

READ.WALIT = &HS

CCLEAR = &HY

CADIN = GHC ‘&HBc = ext trigger, &Hc = contiruous
CSToP = HF

CDAOUT = &H8

STCHG =0

OIM CV#(80) 'DIMENSION CELL VALUE (CV¥)

DIM CEVS(80) 'DIMENSION CELL VALUE (Cv#)

DIM CL#(80) ‘DIMENSION CELL LATCH (CL¥)

DIM COV(80) 'DIMENSION CELL OVER VOLTAGE (COV)

DIM Z(80) ‘DIMENSION OVER VOLTAGE LOOP TWICE CHECK
AS = "LATCHED®

8% = “NOT LATCHED*

C$ = “CELL NUMBER *

DS = “Vv RELAY IS *

OUT COMMAND .REGISTER, CSTOP

TEMP = INP(DATA.REGISTER)

GOSUB 1900

WAIT STATUS.REGISTER, COMMAND.WAIT

OUT COMMAND .REGISTER, CCLEAR

4 whennkkvas pROMPT TO RESET OUTPUTS AT START UP  setwesw
PRINT “RESET ALL OUTPUTS? (y,n)*

RSTIS = INPUTS(Y)

IF RSTIS = “y* THEN 370

1F RSTIS = “n" THEN 450

GOTO 320

Gosus 2110 ‘set all analog and digital outputs to zero

wo%  DROMPT TO INPUT AMP-HOURS OUT DURING DISCHARGE "%+
PRINT “STORE AMP-HOURS OUT OF BATTERY DURING DISCHARGE? (y,n)*
AHQUTS = INPUTS(1)
1F AHOUTS = “y* THEN GOSUB 6780 : GOTOD 440
IF ABOUTS = "n* THEN 440
GOTO 380
¢ mesnansed  INPUT RELAY ENABLE COUNT FROM PREVIOUS RUN s=vtwnessese
PRINT “INPUT RELAY CELL NUMBER? (y,n)®

RSTOS = INPUTS(1)

IF RSTOS = “y* THEN GOSUB 6690 : GOTO 540

IF RSTOS = “nv THEN 540

GOTO 450

PRINT “RELAY CELL NUMBER ?™
INPUT CN

CEVS(CN) = 1

GOTO 420

sensenassnnsens DOOMPT FOR DESIRED CHARGE CURRENT wotweewwasew
PRINT ™IS CHARGE CURRENT THE SAME FOR BOTH CHARGERS?*

RSCHGS = INPUTS(1)

GOSUB 6910 /SET VALUE FOR PREVIOUS TIME IN ANPHOUR CALCULATIONS
IF RSCHGS = “y" THEN 730

IF RSCHGS = “n" THEN GOSUB 6910 : GOTO 610

GOTO 550

PRINT “IS EITHER CHARGER AT THE 2 AMP RATE? (y,n)"

CHGRTS = INPUTS(1)

IF CHGRTS = *y* THEN 660

IF CHGRTS = *n™ THEN 710

GOTO 610

PRINT WHICH CHARGER IS AT THE 2 AMP RATE? ( 1 OR 2 )™
INPUT CHGNO

IF CHGNO = 1 THEN CEVL = 1 : STCHG! = 1 : GOSUB 5430 : GOTO 840
IF CHGNO = 2 THEN CEVH = 1 : STCHG2 = 1 : GOSUB 5430 : GOTO 840
GGTO 660

GOSUB 5430

GOTO 840

PRINT * WHAT IS CHARGE CURRENT IN AMPS? ( TYPE 0, 2 OR 7 )™ : PRINT
INPUT CHG.1

1F CHG.1 = O THEN 790

1F CHG.1 = 2 THEN 810

If CHG.1 = 7 THEN CHG.1 = 100 : GOTO 830

GOTO 650

CRG.1 = 0 : F$ = % O AMP RATE * : CHG.11#20 : CHG.12#=0

GOTO 840

CHG.11#22: CHG,I2#=2:F$=" 2 AMP RATE®: STCHGs2: CHG.I = 510 : STCHGY = 1

: STCHG2 = 1 : GOSUB 5400 ' SRT CHGS & AM CLOCK
820 GOTO 840

830
840
850
860
870
880
890

CHG.11#= 7 : CHG.I12#= 7 : F$ = ® 7 AMP RATE*:GOSUB 5400

ON KEY(1) Gosus 2320 'F1 key to PRN 80 cv¥ & cl#® to Printer
ON KEY(2) GOSUB 4620 'F2 key display last 80 cells to 8 rows
ON KEY(3) Gosus 5130 'F3 key to toggle displayed data on/off
ON KEY(4) GOsus 5800 ‘f4 key to display last 80 latch conditions
ON KEY{6) GOSUB 5430 'F6 key allows for current changes
ON KEY(7) GOSuB 3800 'F7 key sends dats to hard disc templ
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900 ON KEY(10) GOSUB 5940 'F10 key STOPS CONTINUOUS ALARM

910 rwnwwawns  OUTPYT PULSE TO RESET COUNTERS AND MONITOR CIRCUIT wweawws
920 Gosug 6120 * GO OUTPUT RESET

930 !

Q40  Iexwesxanwww | oop 80 times waiting each time for the sample Pusle  **+
950 TI = T1 + 1

960 FOR LOOP = 1 TO 80 'start 80 samples

970 Gosug 2250 'clock to incr monitor circuits
980 Y1=0:Y2=0

990 SETGAIN = 2: SETCHAN = 7 'RANGE 1S +/- 2.5  **** CELL _VALUEH **
1000 CVAVG# = 0

1010 FOR CVA = 17103 AVERAGE CV# S5 TIMES

1020 GOsuB 2890 ¢ A/D CONVERSION FOR CV# VALUE

1030 CELL.VALUE# = (HIGH1# * 256 + LOWNi#) * .0012207 - 2.5

1040 CELL.VALUE# = ABS (CELL.VALUE#)

1050 CVAVGH = CVAVGH + CELL.VALUE#

1060 NEXT

1070 CELL.VALUE# = CVAVG# / 3 ‘CALCULATE CELL.VALUE BASED ON 5 SAMPLES
1080 ‘IF LOOP = 85 THEN GOSUB 6200 : STOP

1090 GOSUB 2250 ‘output clock to trigger A/D on hardware

1100 IF LOOP = 19 THEN 1670

1110 1F LOOP = 20 THEN 1670

1120 IF LOOP = 39 THEN 1670

1130 IF LOOP = 40 THEN 1670

1140 1F LOOP = 59 THEN 1670

1150 IF LOOP = 60 THEN 1670

1160 If LOOP = 79 THEN 1670

1170 1F LOOP = 80 THEN 1670

1180 IF CELL.VALUE# < 1.3 THEN F$ = * CELL BELOW 1.50 VOLTS" : GOSUB 6570
1190 ¢ SETGAIN = 1: SETCHAN = 4 fRANGE IS +/- 5.0  *%%% READ CEV# #ws*
1200 ' GOSUB 2470 ! A/D CONVERSION

1210 KEY(1) ON ’enable F1 key

1220 KEY(2) ON ‘enable F2 key

1230 KcY(3) ON ’enable F3 key

1240 KEY(4) ON ‘enable F4 key

1250 KEY(6) ON ’enable Fé key

1260 *KEY(7) ON ‘enable F7 key

1270 KEY(10) ON ‘enabte F10 key

1280 ’ CEV# = (MIGHI#* 256 + LOWI#) * .0024414 - 5 ’‘calculate CEV# value
1290 KEY(6)STOP ‘DISABLE F6& UNTIL NEXY KEY ON STATEMENT

1300 CEV¥ = 0

1310 CEV# = ABS(CEV#) ‘change bipolar to positive value
1320 IF CELL.VALUE# > 2.05 THEN CEV# = 5

1330 1F CEVS(LOOP) = 1 AND CELL.VALUE# > 2 THEN F$ = “CELL LATCHED TO RESISTO
R AND THE VOLTAGE WAS OVER 2.0 VOLTS ™ : GOSUB 6570

1340 1F CEVS(LOOP) = 1 THEN GOTO 1380 /GO RETRIGGER RELAY ENABLE

1350 IF CEV#¥ > 3 THEN 1390 ! YES, GO CHECK IF 7 ANP

1360 LCS = B3

1370 GOTO 1580

1380 LCS = AS : GOTO 1570

1390 1F STCHG < 2 THEN 1410 ! YES, GO CHECK 2 AMP RATE ON BOTH CHARGERS
1400 GOTO 1560

1410 1F LOOP > 40 THEN 1490

1420 IF CEVH = 1 THEN GOSUB 3760 : GOTO 810 ‘SET CHARGERS TO 2 AMPS PRINT MSG
1430 IF CEVL = 1 THEN 1560 ‘ALREADY AT TWO AMP RATE-GO ENABLE RELAY

1440 CHG.I1# = 2:CHG.I = 510 : GOSUB 53460 GO QUTPUT NEW CURRENT on chg #1
1650 CEVL = 1 : STCHGT = 1

1460 F$ = “CHARGER #1 IS AT 2 AMP RATE : CHARGER #2 1S AT 7 AMP RATE"
1470 Gosus 3480 PRINT CHARGE RATE CHANGE TO PRINTER

1480 GOTO 1580 fRESUME CELL VALUE CHECKS

1490 IF CEVL = 1 THEN GOSUB 3760 : GOTO 810 ’SET CHARGERS TO 2 AMPS PRINT MSG
1500 IF CEVH = 1 THEN 1560

1510 CHG.I2# = 2:CHG.! = 510 : GOSUB 5380 ‘GO OUTPUT NEW CURRENT on chg #2
1520 CEVH = 1 : STCHG2 = 1

1530 F$ = “CHARGER #1 IS AT 7 AMP RATE : CHARGER #2 IS AT 2 AMP RATE®
1540 GOSUB 3480 'PRINT CHARGE RATE CHANGE

1550 GOTO 1580

1560 CEVS(LOOP) = 1 ¢ CELL WAS NOT LATCHED, DO IT

1570 GOSuB 3690 * GO TRIGGER RELAY ENABLE

1580 CV#(LOOP) = CELL.VALUE#

1590 IF LOOP > 40 THEN 1630

1600 IF CVH#(LOOP) > HC1# THEN GOSUB 6360 / SET HIGH CELL 1st 40 TO CV(LOOP)
1610 IF CV#(LOOP) < LCT# THEN GOSUB 6610 ’ SET LOW CELL 1st 40 TO CV(LOOP)
1620 GOTO 1650

1630 1F CV#(LOOP) > HC2# THEN GOSUB 6400 ’ SET HIGH CELL 2nd 40 TO CV(LOOP)
1640 IF CVA(LOOP) < LC2# THEN GOSUB 6650 / SET LOW CELL 2nd 40 TO CV(LOOP)
1650 IF CELL.VALUE¥ > 2,15 THEN GOSUB 1920

1660 IF TOGG = O THEN GOSUB 5190 ’ GO PRINT CELL INFO TO SCREEN

1670 IF ICK > 7 THEN GOSUB 3010 : ICK = 0 : GOTO 1690 ‘CHECK ACTUAL MEASURED
CURRENT

1680 ICK = ICK + 1 : GOYO 1780

1690 IF Y1 = 1 THEN GOSUB 4370 ’I1F CHARGE CURRENT TOO HIGH SECURE # 1

1700 IF Y2 = 1 THEN GOSUB 4500 /IF CHARGE CURRENT TOO HIGH SECURE # 2

1710 '1F T1 = 1 THER 1770

1720 1F STCHGY > O THEN 1740 'CHG #1 AT 2 AMP?

1730  GOTO 1750

1740 IF CHGI.1M# < .2 THEN F$zv**+* CHARGE CURRENT < .2 AMP WITH RELAY ENABLE
SET ON CHARGER NO. 1***%:STCHG1=0:G0SUB 4370

1750 1F STCHG2 > O THEN 1770

1760 GOTO 1780
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1770 1F CHGI.2M# < .2 THEN F$="*** CHARGE CURRENT < .2 AMP WITH RELAY E

SET ON CHARGER NO. 2***“:STCHG2=0:G0SUB 4500

1780  NEXT ‘Loop back and wait for next clock for next cell

1790 GOSUB 6210 * CHGILAT AND CHGZ2LAT

1800 GOsus 6000 ! GO COMPUTE CELL AVERAGE

1810 GOSUB 6960 ! GO SUM TOTAL AMP HOURS

1820 IF TOGG = 1 THEN GOSUB 4620 ' DISPLAY 80 CELLS YO SCREEN

1830 GOSUB 4270 : FOR DLY = 1 TO 5000 : NEXT : GOSUB 4270 ’TWO BEEPS

1840 IF T1 > 9 THEN GOSUB 3800 : Tl = 0

1850 KEY(7) ON ‘enable F7 key

1860 HC1# = 0 : HC2# = O

1870 LC1# =3 : LC2#

1880 KEY(7)STOP 'DISABLE F7 UNTIL NEXT KEY(7) ON STATEMENT

1890 GOTO 910 ‘go reset monitor ckts and start next 80

1900 WAIT STATUS.REGISTER, WRITE.WAIT, WRITE.WAIT

1910 RETURN

1920 1 AARANR RN cell voltage 100 high R 2121232327122

1930 IF LOOP > 40 THEN F$ = "CELL OVER VOLTAGE OCCURED " : GOSUB 4500 :
fOPEN LAST 40 RELAYS AND SECURE CHARGER # 2 AND LOOP BACK

1940 F$ = “CELL OVER VOLTAGE OCCURED * : GOSUB 4370 OPEN FIRST 40 REL

ND SECURE CHARGER # 1

1

[}

950 RETURN LOOP BACK TO CONTINUE TO CHECK CELLS ON OTHER CHARGER
1960 ! wweda®  STOP CHARGE, RESET OUTPUTS hadadaddedoled
1970 GOsus 2110 rset’atl analog and digital outputs to zero

1980  PRINT:PRINT:PRINT:PRINT:PRINT:PRINT
1990  PRINT ¥ sedeesdvaes BATTERY CHARGE SECURED serREERs o
2000 PRINT:PRINT:PRINT:PRINT:PRINT:PRINT

2010 GOsuB 2320 /GO PRINT LAST 80 TO “A:LAST80"
2020 PRINT ™  #%** QREIAYS HAVE BEEN LATCHED OPEN *%&wiaw
2030 GOsUB 3430 ‘GO SOUND THE AUDIO ALARM

2040  PRINT : PRINT F$ : PRINT

2050 END

2060 1 we#** GFT HIGH AND LOW BYTES TO CHG.I VALUE COMMANDED »  ###*+*
2070 HIGHBYTE = INT(CHG.1 / 256)

2080 LOWBYTE = CHG.I - HIGHBYTE * 256

2090 GOSuB 3320 fGOSUB D/A OUTPUT SELECTED CHANNEL (C
2100 RETURN

2110 ¢+ ##***  RESET ALL OUTPUT DIGITAL BITS AND ANALOG TO ZERQ *weww#w
2120 HIGHBYTE = 0 : LOWBYTE = 0

2130  FOR CHAN = 0 TO 1

2140 GOsus 3320 'GOSUB D/A OUTPUT CHANNELs 0 & 1
2150  NEXT

2160 OPORT = 0 : DWORD = 20 ‘81T TO RESET ALL RELAYS

2170  GOsus 3170 ‘GOSUB DIGITAL 1/0 PREPARATION
2180  GOsuB 3240 ‘GOSUB DIGITAL 1/0 OUTPUT

2190 DWORD = O

2200 GOSUB 3240 ‘GOSUB DIGITAL 1/0 OUTPUT

2210 DPORT = 1 : DWORD = 0

2220 GOsus 3170 'GOSUB DIGITAL 1/0 PREPARATION
2230  GOsuB 3240 ‘GOSUB DIGITAL 1/0 OUTPUT

2260  RETURN
2250  /nenesdnia Output clock pulse on Port zero Bit zero  **awswanss
2260 DPORT = 0 : DWORD = 1

2270  GOsus 3170 'GOSUB DIGITAL 1/0 PREPARATION
2280 GOSUB 3240 'GOSUB DIGITAL 1/0 OUTPUT

2290 DOWORD = O

2300 GOsuB 3240 ‘GOSUB DIGITAL 1/0 OUTPUT

2310  RETURN

2320 1uwnew Go Print last 80 to A:LAST80 wetttnaaas

2330 TOPEN “O“,#2,“A:LAST8O% fOPEN FILE TO STORE LAST 80 CELL VALUES
2340 OPEN “lpti:* FOR OUTPUT AS #2

2350 ON ERROR GOTO 7110 ‘PRINTER on line BUTTON NOT ENABLE

2360 PRINT#2, »  CHARGE IN PROGRESS LASTEST 80 CELL VALUES "

%g;g ::}NT:% TIMES;* DATE *“ ;DATES fANNOTATE TIME

NABLE

RETURN
AYS A

HAN)

*

t 22 2 2

2390 FOR P = 1 70 80 LOOP 80 TIMES TO GET MOST RECENT CELL VALUES

2400 IF CEVS(P) = 1 THEN 2430 *CHECKS TO SEE IF THAT CELL HAS BEEN LA
2610 LCS = B3

2620 GOTO 2440

24630 LCS = AS

2440 1F PRNTFLG = 0 TNEN 2520

2450 PRINT#2, ‘PRINT CELL VALUE AND RELAY LATCH
2660 PRlNT'Z USING . e,
2470 PRINT#Z 'PRINT CELL VALUE AND RELAY LATCH

2480 PRINT#Z USIHG WA CVRCP); ‘CONDITON
2490 PRINT#2, DS ; LCS

2500 PRNTFLG = 0

2510 GOTO 2580

2520 PRINTH2, LH ‘PRINT CELL VALUE AND RELAY LATCH
2530 PRINT#2, USING b AH H
2540 PRINY‘Z . u. 'PRINT CELL VALUE AND RELAY LATCH

2550  PRINTA2. USING® #.##¥%;CVN(P);  'CONDITON
2560  PRINT#2. DS ; LCS;

2570  PRNTFLG = 1

2580  MEXT

2590  PRINT#2,

2600  PRINTA2. "CELL AVERAGE = *;

2610 PRINTA2, USING *#.###";CELLAVGH;

2620  PRINTAZ, TOTAL BATTERY VOLTAGE = *;
2630 PRINTHZ. USING *#44. #;TOTCELL . VALY
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PRINT#2,

PRINT#2, " ** TOTAL AH CHG #1 = *;
PRINT#2, USING “###.#" TOTAL1.AH#;
PRINT#2, " ** TOTAL AH CHG #2 = »;
PRINT#2, USING “###.4";TOTAL2.AH¥

PRINT#2,

PRINT#2, "HIGH CELLS ARE CELL NO. *; HCIN; v ".
PRINT#2, USING “#.#4v; HC1%;

PRINTH#2, * AND CELL NO. ™ ;HC2N; LH
PRINT#2, USING “#.##4"; HC2#

PRINT#2, "LOW CELLS ARE CELL NO. “; LCIN; LH

PRINT#2, USING “#.###v; LC1¥;
"

PRINTH2, AND CELL NO. ~ " ;LC2N; *  »;

PRINTH2, USING “#.###v; LC2#

PRINT#H2,

PRINTH#2, © ACTUAL CURRENT

PRINTHZ, COMMANDED CURRENT®

PRINT#2, " CHARGER #1 (CELLS 1 THRU 40) Is “;
PRINT#2, USING “¥.#4v; CHGL.1M¥;

PRINT#2, ¥ AMPS ".CHG. 11#;" AMPS"
PRINT#2, * CHARGER #2 (CELLS 41 THRU 80) IS *;
PRINT#2, USING “#.#¥#"; CHGI.2M#;

PRINT#2, ¥ AMPS “.CHG.12#;" AMPS"
PRINT#2,

CLOSE#2 : RETURN

1 HERRRRN A,D cvaRs lw ERRANBNETRAERRTOR

GOSUB 1900

OUT COMMAND .REGISTER, &HC ‘start A/D conversion to measure SET CHAN
GOSUB 1900

CuUT DATA.REGISTER, SETGAIN ‘set gain

GOSUB 1900

OUT DATA.REGISTER, SETCHAN 'A/D conversion on SET CHAN

WAIT STATUS.REGISTER, READ.WAIT

LOW1# = INP(DATA.REGISTER) fget data low byte
WAIT STATUS.REGISTER, READ.WAIT

HIGH1# = INP(DATA.REGISTER) ‘get data high byte
RETURN

¢ wkkasadt CHECK ACTUAL CHARGE CURRENT  *wawawand

SETGAIN = 3 : SETCHAN = 3 ¢ GAIN RANGE +/- 1.25

GOSUB 2890 ! A/D CONVERSION

CHGI.IM# = ((HIGHI#* 256 + LOMI#) * .00061 - 1.25) * 12.5 '

IF (CHGI.TM# - CHG.I1#) > 1.75 THEN GOTO 3070 ‘IS DIFF > .5 AMPS
GOTO 3090

Y1 =1

F$ = ® MEASURED CHARGE CURRENT ON CHARGER # 1 > COMMANDED CURRENT"
SETGAIN = 3 : SETCHAN = 2 ! GAIN RANGE +/- 1.25

GOSUB 2890 ! A/D CONVERSION

CHGI.2M# = ((HIGHI#* 256 + LOW1#) * .00061 - 1.25) * 12.5 !

IF (CHGI.2M# - CHG.IZ2#) > 1.75 THEN GOTO 3140 ‘IS DIFF > .5 AMPS
GOTO 3160

Y2 =1

;:TGR: MEASURED CHARGE CURRENT ON CHARGER # 2 > COMMANDED CURRENT®
¢ ®wkdd DIGITAL 1/0 PREPARE  #**wwweaws

GOSUB 1900 ’

WAIT STATUS.REGISTER, COMMAND.WAIT

OUT COMMAND .REGISTER, 5 ‘PREPARE 1/0 PORT FOR QUTPUT
GosuB 1900

?é}ug:TA.REGISTER' DPORT 'SET PORT ZERO FOR OUTPUT

1] ARG EEAR DIGITAL l,o OQUTPUT AERRANANARR

WAIT STATUS.REGISTER, COMMAND.WAIT

OUT COMMAND .REGISTER, 7 ‘COMMAND IMMEDIATE DIGITAL OUTPUT
GOsSus 1900

OUT DATA.REGISTER, DPORT ‘SELECTED OQUYTPUT PORT

GOSuB 1900

OUT DATA.REGISTER, DWORD 'BITS TO SET HGH

RETURN

¢ wemest D/A QUTPUT ON SELECTED CHANNEL (CHAN)  wwewvawws
GOsSU8 1900
WAIT STATUS.REGISTER, COMMAND.WAIT

OUT COMMAND.REGISTER, CDAOUT f IMMEDIATE D/A OUT
GOSUB 1900

OUT DATA.REGISTER, CHAN 'D/A CHANNEL SELECTED
GOsue 1900

OUT DATA.REGISTER, LOWBYTE
GOSUB 1900
OUT DATA.REGISTER, HIGHBYTE

RETURN
' ewsewess  SOUND CONTINUOUS AUDIO ALARM ey
DPORT = 1 : DWORD = 2
Gosus 3170 *GOSUB DIGITAL 1/0 PREPARATION
23?0: 3240 'GOSUB DIGITAL [/0 OUTPUT

N

¢ weweew GTORE TIME OF CHARGE RATE CHANGE - SOUND TWO ALARMS  *#w+
OPEN "LPT1:" FOR QUTPUT AS #3 ‘PRINT FOLLOWING ON THE PRINTER

CHGRTCHN = 1 ¢ SET CHARGE RATE CHANGE FLAG FOR PRINTER ERROR ROUTN

ON ERROR GOTO 7110 ‘PRINTER on line BUTTON NOT ENABLE

PRINTH3, : PRINTAS, : PRINTH3,

PRINTHS, DATES;®  “;TIMES; M  ##%#% CHARGE CURRENT RATE CHANGE OCCURR

D-4




ED L2417

3540
3550
3560
3570
3580
3590
3600
3610
3620
3630
3640
3650

#2
3660
3670

PRINT#3, “CELL NUMBER *; LOOP ; "WAS ;
PRINTH3, USING " ## ###": CELL.VALUE¥;
PRINTH3, ¥ W

PRINT#3, CEVS : PRINTH3,

PRINT#3, CLCS : PRINT#3,

PRINTH3, ww##®® ACTUAL CURRENT  #w#ww

PRINTﬂ “CHARGER # 1 .

PRlNTﬂ USING “#w. ##“' CHGI . 1M%#;

PRINT#3, 1 AMPS® .« CHARGER # 2 »;

PRINT#'.S USING i, #1"; CHGI.2M#;

PRINT#3, " AMPS"

PRINT#3, “COMMANDED CURRENT CHARGER # 1 IS ";CHG.I11#; " AMPS CHARGER

IS " ;CHG.I2#;" AMPS™

PRINTA3, : PRINT#3,

PRINT#3, F$ : CLOSE#3 : GOSUB 4270 : GOSUB 4270 ‘SOUND TWO TONES
RETURN

saseasenans  TRIGGER CEV ENABLE ON PORT ONE BIT ZERQ  *#w##
DPORT = 1 : DWORD =

Gosus 3170 ‘GOSUB DIGITAL 1/0 PREPARATION
GOSUB 3240 GOsug DIGITAL I1/0 OUTPUT
DWORD = 0

GOSUB 3240 ‘GOSUB DIGITAL 1/0 OUTPUT
RETURN

fakkadetarwadt  RECORD TO A:CEVCHGRT BOTH CHARGERS SET TO 2 AMP wwwsaaw
F$ = % w*« BOTH CHARGERS SET TO 2 AMP RATE  *wwu
GOSUB 3480 ‘GO STORE TIME OF RATE CHANGE TO A:CEVCHGRY

T
RE UR!..‘... PRINT TO C:\BAS\TE“P1 ERRRAFITESS

IF THP = 1 THEN TEMP1$ = “NOPRNT* : GOTO 3830

TEMP1S = TEMP1®

OPEN a4, #1, TEMP1S

PRINT#1," : PRINT#Y,

PR[NT‘1’ L] Ry N;DATE’; L] Rkhdsy ll; T["Es; (1] bid 4]
PRINT#1,

FOR NW = 1 TO 80

I'F:‘CEVS(NH) = 1 THEN 3910 ’CHECKS TO SEE IF THAT CELL HAS BEEN LATCHED
LCS = BS

GOTo 3920

LCS = AS

IF PRNFLG 0 THEN 3980

PRINT#1, "INW; fPRINT CELL VALUE AND RELAY LATCH

PRINT#T, USING " L M"'CV#(NU), *CONDITON
PRINT#1, DS ; LCS

PRNFLG = 0

GOTO 4020 )
PRINT#1, N; ’PRINT CELL VALUE AND RELAY LATCH
PRIN'I'ﬂ USHIG " ‘ M“ sCVE(NU) ; CONDITOR

PRINT#1, DS ;

PRNFLG = 1

NEXT

PRINT#H], » CHARGER # 1 »;

PRINT#1, USING “#¥.##"; CHGI.1M¥;

PRINT#1, » aMpSM.n CHARGER # 2 hH

PRWT#‘I USING “‘* #H0; CHGI . 2M#;

PRINT”, " AMPS*

PRINT#1, » CHARGE AT “;FS;

PRINT#], » CELL AVERAGE = *;

PR[NTﬂ USING  #.###“,CELLAVGH

PRlN'l'ﬂ “HIGH CELLS ARE CELL NO. *®; HCIN; “ H
PRINT"I, USING “#.#i#vw; NCI#;

PRINT#T, » AND CELL NO.  # ;HC2N; ® "
PRINTH#1, USING “#.###v: HC2#

PRINT#Y, “LOW CELLS ARE CELL NO. "; LCIN; % "
PRINT#1, USING “#.##4%; LCIN;

PRINT#], w AND CELL NO. ® ;LC2N; e
PRINT#1, USING “H.##¥%: LC2#

PRINT#1, % #¢ TYOTAL AH CHG #1 = hH

PRINT#1, USING “##¥.#":TOTAL1.ANX;

PRINTHI,  *¢ TOTAL AH CHG #2 = ;

PRINTH#1, USING “##¥.#";TOTAL2.AH¥

PRI“T'1' - ateee -DATE‘. " L1421 “; "lNE‘: " RN RH
CLOSEM

mRETURN‘zm : GOSUB 4270 : GOSUB 4270 : GOSUB 4270 ‘4 BEEPS

1 aRaRketeRtENe SEND OUT A BEEP wetwsstnaswapes
OPORT = 1 : DWORD = 0

Gosus 3170 fGOSUB DIGITAL 1/0 PREPARATION
GOSUB 3240 ‘GOSUB DIGITAL 1/0 OUTPUT
DPORT = 1 : DWORD = 2

GOsuB 3240 ‘GOSUB DIGITAL 1/0 outPUT

FOR Q = 1 TO 1000 : NEXT ‘DELAY FOR TWO SECONDS

DWORD = 0 fTURN OFF ALARM

GOsus 3240 'GOSUB DIGITAL 1/0 OUTPUT
RETURN

¢ %% SECURE FIRST 40 RELAYS STOP CHARGER # 1  wee

CHG.1 = 0 : CHAN = 0 : GOSUB 2060 ' STOP CHARGER # 1
DPORT = 0 : DWORD = & ‘RESET RELAYS 1 - 40 J2/48
GOSUB 3170 : GOSUB 3240  ‘DIG 1/0 PREPARE : DIG 1/0 QUTPUT
DWORD = 0 : GOSUB 3240
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CEV‘

4420 = 6 weses CHARGER # 1 SECURED wrEaRy

4430 CLCS = ™ ww**®  RELAYS 1 THRU 40 RESET OPEN  wwwwau

4440 CHG.IT# = 0 : STCHGY1 = O

4450 GOSUB 3480 SOUND TWO BEEPS AND PRINT MSGS

4460 GOSUB 3430 ‘GO SOUND CONTINUOUS ALARM

4470 FOR RSTCEVS = 1 TO 40 : CEVS(RSTCEVS) = 0 : NEXT

4480 RETURN

4490 !

4500 r #%x GSECURE LAST &40 RELAYS STOP CHARGER # 2  *»»

4510 CHG.1 = 0 : CHAN = 1 : GOSUB 2060 ‘ STOP CHARGER # 2

4520 DPORT = 0 : DWORD = 16 'RESET RELAYS 41 - 80 32747

4530 GOSUB 3170 : GOSUB 3240 ‘DIG 1/0 PREPARE : DIG [/0 OUTPUT

4540 DWORD = 0 : GOSUB 3240

4550 CEVS = % weens  CHARGER # 2 SECURED  wewwen

4560 CLCS = % wweax QI AYS 41 THRU 80 RESET OPEN  w*wawn

4570 CHG.12# = 0 : STCHG2 = O

4580 GOSuB 3480 SOUND TWO BEEPS AND PRINT MSGS

4590 GOSUB 3430 GO SOUND CONTINUOUS ALARM

4600 FOR RSTCEVS = &1 TO 80 : CEVS(RSTCEVS) = 0 : NEXT

4610  RETURN

4620 ¢+ *****  print to screen all cell values

4630 ¢ and print the current from both chargers  *#®u«

4640  PRINT

4650  PRINT ™ 1 2 3 4 S é 7 8 9
10"

4660  PRINT @ {u;

4670  PRINT USING ™ ¥ #4";CV#(1);CVH#(2);CV#(3);CVI#(4);CVH(S);CV#(6);CVH#(T);CV

#(8);:CVH(9);CVH#(10)

4680  PRINT

4690  PRINT ®11%;

4700  PRINT USING ™ ## ##":CVA(11);CV#(12);CV#(13);CV#(14);CV#(15);CV#(16);CV#

(17);CVH(18);CV#(19);CVH(20)

4710  PRINT

4720  PRINT %21,

4730  PRINT USING ™ #¥. ##%,CV#(21);CVH#(22);CVH#(23);CVH(24);CVH(25);CVH#(26);CV#

(27);CV#(28);CV#(29);CVH#(30)

4740  PRINT

4750  PRINT ®31u.

4760  PRINT USING ™ #¥ ##",;CVH(31);CVH(32);CV#(33);CV#(34);CV#(35);CV#(36);CV¥

(37);CV#(38) ;CV#(39);CV#(40)

4770  PRINT

4780  PRINT #4iw;

4790  PRINT USING ™ M. 48" :CVH(41),;CVH(42);CVR(43);CVH(44);CVE(45);CVH(46);CVH

(47);CV#(4B); CVH(49) ; CVH#(50)

4800 PRINT

4810 PRINT "S51w;

4820 PRINT USING ™ ## #8";CVH#(51);CV#(52);CVH#(53);CVR(54) ;CVH#(55);CV#(56);CV#

(57);CV#(58);CV#(59);CV#(60)

4830°  PRINT

4840 PRINT %§1=.

4850 PRINY USING ™ #¥. ##";CVH#(61);CVH(62);CVNH(63);CVH(64L);CVR(E5);CVH(66);CVH

(67); CV#(68) CV#(69); Cv#(70)

4860  PRINT

4870  PRINT »71w;

4880  PRINT USING " ##.##";CVH(71);CVA(T2); CVH(T73);CVR(T4) ; CVR(T5);CV#(T6);CVE

(;7) cv#(72% ;CVR(T79);CV#(80)

4900 PRINT "CELL AVERAGE = “;

4910 PRINT USING “#.#4¥%;CELLAVGH;

4920 PRINT ® ** TOTAL AH CHG #1 = »;

4930 PRINT USING “A#¥# #Y:TOTAL1.ANK;

4940 PRINT ®* ** TOTAL AH CHG #2 = “;

4950 PRINT USING “###. #; TOTAL2.AH#

4960 PRINT “HIGH CELLS ARE CELL NO. *; HCIN; * LH

PRINT USING “H.#¥¥%; HCI¥;

PRINT ¥ AND CELL NO. % ;HC2N; % LH

PRINT USING “#.##8v; HC2#

PRINT LOW CELLS ARE CELL NO. *; LCIN; » ",

PRINT USING “#.##4%: LC1¥#;

PRINT » AND CELL NO. ™ ;LC2N; % .,

PRINT USING “¥.##*. LC2#

PRINT "TOTAL NUMBER OF CELLS LATCHED FOR 1 THRU 40 ™; CHGILAT; * FOR

CELLS 41 THRU 80  *;CHG2LAT

5050
#2

PRINT * COMMANDED CURRENT CHARGER # 1 IS ™ ; CHG.I1#; ¥ AMPS  CHARGER
IS “; CHG.I2#; » AMPS™

PRINT ® ACTUAL MEASURED CURRENT CHARGER # 1 »;

PRINT USING “#¥.#4"; CHGI.1M¥;

PRINT % AMPS“;®  CHARGER # 2

PRINT USING “##.¥#"; CHG!.2M¥;

PRINT * AMPS™

RETURN

’ AANEUAANY TMGLE D l SPLAY m/oF F (222222214

IF TOGG = 1 THEN 5150

IF TOGG = 0 THEN 5160

106G = 0 : GOTO 5170

106G = 1

RETURN

#  we%es  PRINT CELL VALUE AND CHARGER CURRENT TO DISPLAY hadededodd

’
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5210 PRINT “CELL NUMBER 4 ; LOOP ; Lﬁzé " CELL VALUE 1S";
5220  PRINT USING "### ##v; CELL.VAL
5230 ¢ PRINT “TOTAL NUMBER OF CELLS LATCKED IS “; TOT.CELL;
5240 ¢ PRINT “ v FS
5250  PRINT “CHARGER # 1 w;
5260  PRINT USING "###.d#v: CNGI.IM#;
5270  PRINT " AMPS™;® CHARGER # 2 *:
5280  PRINT USING “###.##%; CHGI.2M#; '
5290  PRINT " AMPS™
5300 paxurzzcounAuoeo CURRENT CHARGER # 1 IS “:;CHG.11#; “AMPS  CHARGER # 2
1S " ;CHG.12#;“AMPS"
5310  PRINT : PRINT
5320  FOR PROL = 1 TO 2000 : NEXT
5330  RETURN
!

5350 B sdniabdeknked ADJUST CHG.1 FOR OUTPUT CURRENT CHANGES *w#*#swwddwsds
5360 ¢ waw CHARGER # 1 CURRENT CHANGE ONLY  wwwwex
5370 CHAN = 0 : GOSUB 2060 : RETURN
5380 + #x%  CHARGER # 2 CURRENT CHANGE ONLY  w*wwws
5390 CHAN = 1 : GOSUB 2060 : RETURN
5400 ¢ ww&  CHANGE CURRENT ON BOTH CHARGERS  wwww»
5410 GOSUB 5360 : GOSUB 5380 : RETURN
1

5430 ¢ wwwwessw  DISDLAY MEASURED CURRENT  wwewss

S40 FORCC=1T05

5450  GOSUB 3010 * GET CHGI.IM# AND CHGI.2u#

5460  PRINT MCHARGER # 1 ™;

5470  PRINT USING "W .#¥"; CHGI.IN#;

5480  PRINT % AMPS®;" CHARGER # 2 ;

5490  PRINT USING “###.##%; CHGI.2M#;

5500  PRINT " AMPS®

5510  PRINT : PRINT

5520  FOR CCO = 1 TO 1000 : NEXT

5530  NEXT

5540  PRINT “IS CURRENT MEASURED OK? (y,n)*

5550  CCRS = INPUTS(1)

5560  IF CCQS = "y THEN RETURN

5570  [F CCQ$ = “n“ THEN 5590

5580  GOTO 5540

5500  PRINT “IS CHARGER # 1 CURRENT VALUE OK? (y,n)"

5600  CCQS = INPUTS(1)

5610  IF CCOS = “y* THEN 5720

5620  IF CCOS = “n" THEN 5640

5630  GOTO 5590

5640  PRINT “COMMANDED CURRENT ON CHARGER # 1 IS % ; CHG.[1# : PRINT
S650  PRINT WINPUT DESIRED VALUE FOR CHARGER # 1%

5660  INPUT CKG.I1#

5670  IF STCHG OR STCHG1 > O THEN 5690 ‘2 AMP RATE RELAY ENABLE SET
5680  GOTO 5700

5690  IF CHG.I¥ > 2.5 THEN GOSUB 6440 : GOTO 5640

5700  CHG.1 = CHG.I1# * 255

5710  GOSUB 5360 : GOTO 5440

5720  PRINT “COMMANDED CURRENT ON CHARGER # 2 IS * ; CHG.I2¥ : PRINT
5730  PRINT "INPUT DESIRED VALUE FOR CHARGER # 2v

5740  INPUT CHG.I12#

5750  IF STCHG OR STCHG2 > O THEN 5770 '2 AMP RATE RELAY ENABLE SET
5760  GOTO 5780

5770  IF CHG.I2# > 2.2 THEN GOSUB 6440 : GOTO 5720

5780  CHG.I = CHG.I2# * 255

5790  GOSUB 5380 : GOTO 5440

5800 1 wwswswas  DRINT RELAY LATCH CONDITIONS  #*#ewewswes
5810  PRINT

5820 PRINT *  RELAY LATCK CONDITTIONS ( O = OPEN 1 = CLOSED )" : PRINT
5830  PRINT * 1 2 3 ) 5 6 7 8

9 1ot
5840  PRINT : PRINT
5850 PRINT * ";CEVS(1);™ ".CEVS(2);" *-CEVS(3);" “.CEVS(4);"

“-CEVS(5);" w-CEVS(6) ;% W.CEVS(7);» ".CEVS(8);" ".CEVS(9);"
“-CEVS(10)
5860 PRINT % ".CEVS(11);" “-CEVS(12);" n-CEVS(13);* ".CEVS(14)
™ ", CEVS(15) ;" “.CEVS(16);" “.CEVS(17);" w.CEVS(18);" u.CEV
$C19);» »,CEVS(20)
5870 PRINT * -CEVS(21);" ".CEVS(22);" “.CEVS(23);" "-CEVS(24)
e “.CEVS(25);" ".CEVS(26);" "2CEVS(27);" “,;CEVS(28);" “.-CEV
S$(29):" “-CEVS(30)
5880 PRINT » ®-CEVS(31);* ».CEVS(32);" “.CEVS(33);" "-CEVS(34)
Hd ".CEVS(35);" ".CEVS(36) ;" ".CEVS(37);* ".CEVS(38);% “.-CeV
$(39);" *.CEVS(40)
5890 PRINT * "-CEVS(41);" “.CEVS(42);" n.CEVS(43);" »-CEVS(44)
Hal “:CEVS(45);" “:CEVS(46) ;™ “.CEVS(47);" “.CEVS(48);" ".CEV
$(49);" ".CEVS(50)
5900 PRINT " ".CEVS(51);" “-CEVS(52);* ".CEVS(53);:" ".CEVS(54)
an ".CEVS(55);" ".CEVS(56);" ", CEVS(57);" "-CEVS(58);" *-CEV
$(59);" “.CEVS(40)
5910 PRINT * ",CEVS(61);% " CEVS(62);" ".CEVS(63);" ", CEVS(64)
L "-CEVS(65);% “-CEVS(66);" . CEVS(67) ;% ".CEVS(68);" ".CEV
S$(69);" “.CEVS(70)
5920 PRINT * #.CEVS(71);¥ »-CEVS(72);" ".CEVS(73);" ».CEVS(74)
L “;CEVS(75);% ";CEVS(76);" CEVS(TT);™ ;CEVS(7B);% ";CEV
S(79);% “;CEVS(80)
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5930 RETURN
1

5940 sesesses  SECURE AUDIO ALARM srevwnaranen
5950 DPORT = 1 : DWORD = 0

5960  GOSUB 3170 'GOSUB DIGITAL 1/0 PREPARATION
5970  GOSUB 3240 ‘GOSUB DIGITAL 1/0 OUTPUT

5980  RETURN

’
20938 ’ whREARRRN cwpu"E CELL AVERAGE A L2222 2213
6010 CELLAVG¥ = O : TOTCELL.VAL#¥ = 0
6020 FOR CA = 1 TO 80
6030 TOTCELL.VAL#¥ = TOTCELL.VAL#¥ + CV#(CA)
6040 NEXT
6050 CELLAVGH = TOTCELL.VAL¥ 7 72
6060 RETURN
6070 ¢ wawswsasst print test cell and return to stop sEAEREATRRLAR
6080 PRINT “cell number "; LOOP;" is “;
6090  PRINT USING “#.##¥"; CELL.VALUE#;
6100 PRINT " volts"
6110  RETURN
6120  sewwawned  OuTPYT PULSE TO RESET COUNTERS AND MONITOR CIRCUIT wwewsan
6130 DPORT = 0

6140 Gosus 3170 ‘GOSUB DIGITAL 1/0 PREPARATION

6150 DWORD = 8

6160 GOSUB 3240 ‘GOSUB DIGITAL 1/0 OUTPUT

6170 DWORD = 0

6180 GOsSUB 3240 GOSUB  DIGITAL 1/0 QUTPUT

6190 GOSUB 2250 ‘OUTPUT CLOCK TO IGNOR FIRST A/D SAMPLE
6200 RETURN

6210 ¢ ***  record cevs totals for both chargers and tot.cell  “wee*

6220 TOT.CELL = 0 : CHGILAYT = 0 : CHG2LAT = 0 -

6230 FOR CLTS = 1 TO 40

6240 IF CEVS(CLYS) = 1 THEN 6260 ! SUM LATCHED CELLS FOR CHG #1

6250 GOTO 6270

6260  CHGILAT = CHGILAT + 1

6270  NEXT

6280 FOR CLTS = 41 T0O 80

6290 1F CEVS(CLTS) = 1 THEN 6310 ’ SUM LATCHED CELLS FOR CHG #2

6300 GOTO 6320

6310  CHG2LAT = CHG2LAT + 1

6320  NEXT

4330 IF CNGILAT => 38 THEN CHGUAT = 0 : F$ = 8 e*kasawaw Q5% OF FIRSY 40 L

ATCHED  eewastwsawwanswtu : GOSUB 4370 ! SECURE CHG #1 AND OPEN RELAYS 1-40

6340 1F CHG2LAT => 38 THEN CHG2LAT = 0 : §$ = W wwawswaas OSY OF LAST 40 LA

TCHED  #wewawasdan . GOSUB 4500 * SECURE CHG #2 AND OPEN RELAYS 41-80

6350 RETURN :

6360 ’ *kd%  SET HC1# TO CVH(LOOP)  wwwn

6370 HC1# = CV#(LOOP)

6380 HCIN = LOOP

6390 RETURN

6400 # we**  SET HC2# TO CVH(LOOP)  *waw

6410 HC2# = CVH#(LOOP)

6420 HC2N = LOOP

6430 RETURN

2‘41;8 [ododobabbiniel ALERT OPERATOR TO SET CURRENT BELOW 2.2 AMPS hddabededodednbdid
PRINT

6460 PRINT “RELAY ENABLE IS SET FOR THE CELLS AFFECTED BY THIS CHARGER !!™

6470 PRINT : PRINT u w#sattaws D AMPS OR LESS weetwanawen

6480 PRINT : PRINT * PRESS ANY KEY TO CONTINUE *

6490 CONTINUES = INPUTS(1)

6500 RETURN

6510 reweees SECURE CHARGER NO. 1, NO CHARGER CURRENT ##wew

6520 F$ = u*s%  NO CHARGER CURRENT WITH RELAY ENABLE SET ON CHARGER NO. 1 **

* 2 GOSUB 4370 : STCHG = 0 : STCHGt = O

6530 RETURN

6540  rewees  SECURE CHARGER NO. 2, NO CHARGER CURRENT wweew

6550 F$ = wa*% 3O CHARGER CURRENT WITH RELAY ENABLE SET ON CHARGER NO. 2 **

*% + GOSUB 4500 : STCHG = 0 : STCHGZ = 0

6560 RETURN

6570 ¢%** CHECK IF LOOP ON 1-40 OR 41-80 THEN SECURE APPLICABLE CHARGER w**

6580 IF LOOP < 41 THEN GOSUB 4370 : RETURN

6590 GOSuB 4500

6600 RETURN

6610 ¢ ee**  GET HIGH CELL (LC1#) TO CVH(LOOP) #oww

6620 LC1# = CV#(LOOP)

6630 LCIN = LOOP

6640 RETURN

6650 ¢+ mee*  GET LOW CELL (LC2#) TO CV#(LOOP) »w=»

6660 LC2# = CVH(LOOP)

6670 LC2N = LOOP

6680 RETURN

6690 ¢ wswe* GET CELL ENABLE VOLTAGE RELAY LATCH (CEVS) #ewwaw

6700 PRINT “RELAY CELL NUMBER ?"

6710  INPUT CN

6720 CEVS(CN) = 1

6730  PRINT "INPUT RELAY CELL NUMBER? (y,n)*

6740 RCVSS = INPUTS(1)

6750 IF RCVSS = "y THEN GOTO 6690

6760 1F RCVSS = “n» THEN RETURN

6770 GOTO 6730

6780 /**** STORE AMP-HOURS OUT TO HARD DISC  wweee
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6790
6800
6810
6820
6830

6850
6870
6900
6910
6920

6930
6940

6970

PRINT “INPUT AMP-HOURS FROM BATTERY DISCHARGE"

INPUT AMPHOUR

OPE" “A", ‘1‘ "TEHP"'

PRINT#1, : PRINT#1, : PRINT#1,

PRINT#1, TIMES; » DATE “;DATES 'ANNOTATE TIME AND DATE
PRINT#1, : PRINT#1,

PRINT#1, : PRINTHY,

PRINT#1, kbl AMP HOURS OUT SINCE LAST CHARGE 1S ",
PRINT#1, AMPHOUR; “ wanwan ‘PRINT AMPHOUR FROM DISCHARGE
PRINT#1, : PRINTHY,

CLOSE#1

RETURN

t weew GFT PREDECTIME# FOR AMPHOUR SUMS AT START OF CURRENT COMMAND ***
Gosug 7050 ! RETURNS VASLUE FOR TIME (DECTIME#); IN HOURS
DECTIMESTART# = DECTIME#
PREVDECTIME# = OECTIME#-1/3600
RETURN
¢ wawed  GUM THE TOTAL AMP-HOURS TOTAL1.AH# AND TOTAL2_AH#  wewwswesw
GOsuB 7050
DELTATIME# = DECTIME# - PREVDECTIME#
DELTAT.AH# = CHGI.1M# * DELTATIME#
DELTA2.AH# = CHGI.2M# * DELTATIME#
YOTAL1.AH# = TOTAL1.AH# + DELTAT.AH#
TOTAL2.AH¥ = TOTAL2.AH# + DELTA2.AH#
PREVDECYIME# = DECTIME#
RETURN
1 Susaten GET DECIMAL TIME (DECTIME#); IN HOURS  swwewrten
HR = VAL(MIDS(TIMES, 1,2))
MIN# = VAL(MIDS(TIMES, &, 2))/60
SEC# = VAL(MIDS(TIMES,?7,2))/3600
DECTIME# = HR + MIN¥ + SEC#¥
RETURN
tette  printer error subroutine wevwess
GOsSuB 3430 CONTINUOUS TONE
™P = 1
PRINT
PRINT
PRINT ’
PRINT “PRINTER NOT ON LINE™
PRINT
PRINT F$
GOSUB 2110 ’RESETS RELAYS AND CHARGERS
PRINT
PR}NT N wwsk*  CHARGERS # 1 & # 2 SECURED  w#weww
PRINT
PRINT % wneaw*  REIAYS 1 THRU B0 RESET OPENED wewweun
PRINT
1F CHGRTCHN = 1 THEN 7290
GOSUB 7370 ¢ PRINT PUT PRINTER ON LINE
GOSUB 2360 : STOP ‘GO PRINT LAST 80 THEN STOP
PRINT “CHARGE SECURED DO YOU WISH TO PRINT MSG 2%
PRNRSS = INPUTS(1)
IF PRNRSS = "y* THEN GOTO 7340
IF PRNRSS = "n" THEN GOTO 7350
GOTO 7290
GOSUB 7370 : GOSUB 3520 : STOP
PRINT * DATA TO HARD DISC FILE -- NOPRNT *
GOSUB 3800 : STOP ‘DATA TO HARD DISC
¢ swa® DRINT MSG TO PUT PRINTER ON LINE *%#** «
PRINT ®“PUT PRINTER ON LINE AND PRESS ANY KEY®
CONTTS = INPUTS(1)
GOSUB 4270 ‘TURN OFF CONTINUOUS BEEP
PRINT “PROGRAM SECURED *
RETURN
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APPENDIX E—BATTERY DISCHARGE PROGRAMS

“DISCHGL.BAS” AND “DISCHGH.BAS”

tedtansresss  HISCHGL.BAS  as of 04/08/92 TIME 1500 swvonecnns
! CELL VALUE < 1.30 UNLATCHES RELAY

DEFINT A-2 ‘assign all letters as integers

OPEN “A“, #1, “TEMPI®

PRINT#1, DATES
CLOSE#)

VIDTH "lpt1:,78

BASE .ADDRESS =
COMMAND .REGISTER =
STATUS.REGISTER = BASE.ADDRESS + 1
DATA.REGISTER = BASE .ADORESS

COMMAND .WAIT = &HG

&H2EC ‘DT 2801 memory assignments
BASE .ADORESS + 1

WRITE.VALT &H2

READ .NAITY &HS

CCLEAR = &H1

CADIN = BHC ‘8HBc = ext trigger, &Hc = continuous
CSTOP = &NF

CDAQUY = &H8

STCHG =0

LOWCELL¥ = 1.6

DIM CV¥(80) ‘DIMENSION CELL VALUE (CV#)

DIM CEVS(80) ‘DIMENSION CELL VALUE (CV#)

OIM CL#(80) DIMENSION CELL LATCH (CL#)

DI COv(80) ‘DIMENSION CELL OVER VOLTAGE (COV)
OIM 2(80) ‘DIMENSION OVER VOLTAGE LOOP TWICE CHECK

AS = “LATCHED"

BS = “NOT LATCHED®

C$ = “CELL NUMBER *

D$ = %y RELAY IS ™

OUT COMMAND.REGISTER, CSTOP
TEMP = INP(DATA.REGISTER)
GOSUB 1460

WAIT STATUS.REGISTER, COMMAND.WAIT

OUT COMMAND.REGISTER, CCLEAR

’ Aal il 224l PROMPT FOR RESE' wTPUTs AT S‘MT up AR EETR
PRINT “RESET ALL OUTPUTS? (y,m)%

RSTIS = INPUTS(1)

IF RSTIS = “y" THEN 410

IF RSTI$ = “n® THEN 430

GOTO 360

GOSUB 1720 'set all anslog and digital outputs to zero
TOT.CELL = 0

ON XEY(1) GOsSuB 5740 ‘F1 key to PRINT 80 cvif.cl¥# to PRINTER

ON KEY(2) GOSuB 3710 'F2 key display last 80 cells to 8 rows

ON KEY(3) GOsuB 4120 ‘F3 key to toggle displayed data on/off

ON KEY(4) GOSUB 4750 ‘Fb key to display last 80 latch conditions
ON KEY(6) GOSUB 4440 ‘F6 key allows for current changes

ON KEY(10) GOSUB 4890 *F10 key STOPS CONTINUOUS ALARM

PRINT “DO YOU WANT TO SET ALL RELAYS?™

SETRS = INPUTS(1)

Ir SETRS = “y* THEN GOSUB 5360 : GOTO 870

IF SETRS = “n* THEN 870

GOTO 820

LOWCELL# = 1.7 : HIGHCELL¥ = 1!

’;;;“'; OUTPUT PULSE TO RESET COUNTERS AND MONITOR CIRCUIT wewedes
D =

GOsus 2210 ‘GOSUB DIGITAL 1/0 PREPARATION

DWORD = 8

GOsus 2280 ‘GOSUB  DIGITAL 1/0 QUTPUT

DWORD = 0

GOSUB 2280 ‘GOSUB  DIGITAL 1/0 OUTPUT

Gosus 1860 fOUTPUT CLOCK TO IGNOR FIRST A/D SAMPLE

revsssntsenst  (oop 80 times waiting each time for the sample Pusle ***
IF Tl > 9 THEN GOSUB 3070 : TI = 0

Tl =71 ¢ 1

FOR LOOP = 1 TO 80 ‘start 80 samples

GosuB 1840 ‘ctock to incr monitor circuits
Yi=0:Y2=0

SETGAIN = 2: SETCHAN = 7 ‘RANGE IS +/- 2.5 **** CELL.VALUE# **
CVAVGH = 0

FOR CVA = 1 T0 3 /AVERAGE CVH S TINMES

Gosus 1930 ! A/D CONVERSION FOR CV# VALUE

CELL.VALUE® = (MIGHI# * 256 + LOWIN) * 0012207 - 2.5
CELL.VALUE# = ABS (CELL.VALUE®)

C::_\IIG' = CVAVGHE + CELL.VALUER

N

CELL.VALUE# = CVAVGH / 3 ‘CALCULATE CELL.VALUE BASED ON 5 SAMPLES
*1F LOOP = B85 THEN GOSUB 5340 : STOP

GOSUB 1860 ‘output clock to trigger A/D on hardware
1F LOOP = 19 THEN 1380

IF LOOP = 20 THEN 1380

If LOOP = 39 THEN 1380

IF LOOP = 40 THEN 1380

IF LOOP = 59 THEN 1380

1F LOOP = 60 THEN 1380

IF LOOP = 79 THEN 1380

1F LOOP = B0 THEN 1380

KEY(1) ON ‘enable F1 key
KEY(2) ON ‘enable F2 key
E-1




1240  KEY(3) ON ‘enable F3 key

1250  KEY(4) ON ‘enable F&4 key

1260  KEY(6) ON ‘enable F6 key

1270  KEY(10) ON ‘enable F10 key

1280 If CELL.VALUE# < 1.3 THEN GOTO 1300 ‘reset relay to open discharge path

1290 GOTO 1320

1300 GOSUB 2960 ! GO TRIGGER RELAY ENABLE

1310 CEVS(LOOP) = 0 : GOSUB 5640 ‘' SET CEVS INDICATOR AND SUM TOT.CELLS

1320 CVH(LOOP) = CELL.VALUE#

1330 IF CVA#(LOOP) < LOWCELL# THEN GOSUB 5320 ‘ GO SET LCNUM TO toop

1340 1F CV#(LOOP) > HIGHCELL# THEN GOSUB 5700 ‘' GO SET HCNUM TO loop

1350 IF TOT.CELL => B8G THEN F$ = " 80 RELAYS HAD LATCHED"

1360 IF CELL.VALUE# < 1,185 THEN 5220 ‘GO PRINT CELL LESS THAN 1,185 VOLTS

1370 IF TOGG = 0 THEN GOSUB 4170 ‘GO PRINT EACH CELL VALUE AND INFO

1380  NEXT 'loop back and wait for next clock for next cell

1390 GOSUB 3320 : GOSUB 5620 : GOSUB 3320 ‘BEEP,DELAY,BEEP

1400 GOSUB 4950 ¢ GO COMPUTE CELL AVERAGE

1410 IF TOGG < 1 THEN 1430

1420 GOsuB 3710 ! go print to screen 80 cells and low cell

1430 LOWCELL# = 1.7 : HIGHCELL¥ = 1!

1440 ' next

1450 GOTO 880 ‘go reset monitor ckts and start next 80

1460 WAIT STATUS.REGISTER, WRITE.WAIT,WRITE.WAIT

1470  RETURN

1‘80 HEERRAAATREE Cel[ Voltage too high EARNEANERERR

1490  1F COV(LOOP) > O THEN 1540 ‘HAS COV OCCURED BEFORE

1500 cCov(LoOP) = 1 ‘THE CELL HAS COV SO INDICATE FOR NEXT CHECK

1510 PRINT USING “#.M#";

1520 RETURN ’ ‘RETURN TO LOOP FOR NEXT CELL.VALUE

1530 PRINT * yv

1540 1F LOOP > 40 THEN F$ = “CELL OVER VOLTAGE OCCURED TWICE™ : GOSUB 3600 : R

ETURN fOPENED LAST 40 RELAYS AND SECURED CHARGER # 2 AND LOOP BACK

1550 F$ = “CELL OVER VOLTAGE OCCURED TWICE CELL™ : GOSUB 3480 ‘OPENED FIRST

40 RELAYS AND SECURED CHARGER # 1

1560 RETURN 7LOOP BACK TO CONTINUE TO CHECK CELLS ON OTHER CHARGER

1576 ¢+ wweww®  STOP CHARGE, RESET QUTPUTS bbbt dedd

1580 Gosus 1720 ‘set all analog and digital outputs to zero

1590  PRINT:PRINT:PRINT:PRINT:PRINT:PRINT

1600 PRINT & wesetecdsas BATTERY CHARGE SECURED wrARARAs

1610  PRINT:PRINT:PRINT:PRINT:PRINT:PRINT

1620 GOsuB 1900 GO PRINT LAST 80 TO “A:LAST80"

1630 PRINT ®  **e* PRELAYS HAVE BEEN LATCHED OPEN weeeeww

1640 GOSUB 2480 GO SC''ND THE AUDIO ALARM

1650 PRINT : PRINT FS$ : PRINT

1660 END

1670 ¢ wwee*  GET HIGH AND LOW BYTES TO CHG.! VALUE COMMANDED #  weesswax

1680 HIGHBYTE = INT(CHG.I / 256)

1690 LOWBYTE = CHG.l - HIGHBYTE * 256

;;28 RGOSUT 8 2370 'GOSUB D/A OUTPUT SELECTED CHANNEL (CHAN)
ETURN

1720 ¢ wwea®  PESET ALL OUTPUT DIGITAL BITS AND ANALOG TO ZERQ *wewswes

1730  HIGHBYTE = 0 : LOWBYTE = 0

1740 FOR CHAN = 0 T0 1

1750 cosug 2370 fGOSUB D/A OUTPUT CHANNELs O & 1

1760  NEXT

1770  DPORT = 0 : DWORD = 20 fBIT TO RESET ALL RELAYS

1780 Gosus 2210 ‘GOSUB DIGITAL 1/0 PREPARATION

1790  GOsSuB 2280 GOSUB DIGITAL 1/0 QUTPUT

1800 DWORD = O

1810 cosus 2280 'GOSUB DIGITAL 1/0 OUTPUT

1820 DPORT = 1 : DWORD = 0

1830 Gosus 2210 'GOSUB DIGITAL 1/0 PREPARATION

1840 GOSUB 2280 ‘GOSUB DIGITAL 170 OUTPUT

1850 RETURN

1860  rewweassene Output clock pulse on Port zero Bit zero oseawesweetanes

1870 DPORT = 0 : DWORD = 1

1880 GOsUB 2210 ‘GOSUB DIGITAL 1/0 PREPARATION

1890 GOsus 2280 GOSUS DIGITAL 1/0 QUTPUT

1900 DWORD = 0

1910 GOSUB 2280 'GOSUB DIGITAL 1/0 OUTPUT

1920 RETURN

1930 2l ii12114 A/D cvaRSlm 2ERRANNRARNARONRD

1940 Gosus 1460

1950 OUT COMMAND.REGISTER, &HC ‘start A/D conversion to measure SET CHAN

1960 GOSuB 1460

1970  OUT DATA.REGISTER, SETGAIN get gain

1980 GOSUB 1460

1990 OUT DATA.REGISTER, SETCHAN 'A/D conversion on SET CHAN

2000 WAIT STATUS.REGISTER, READ.WAIT

2010 LOM1I# = INP(DATA.REGISTER) ‘get date low byte

2020 WAIT STATUS.REGISTER, READ.WAIT

2030  HIGHI# = INP(DATA.REGISTER) ‘get data high byte

2040  RETURN

2050 4 wenddens  CHECK ACTUAL CHARGE CURRENT  weeeesanwe

2060 SETGAIN = 3 : SETCHAN = 3 ’ GAIN RANGE +/- 1.25

2070 GOsug 1930 * A/D CONVERSION

2080  CHGL.IM# = ((WIGHI#* 256 + LOWIN) * 00061 - 1.25) * 12.5

2090 IF (CHGI.1M# - CHG.11#) > 1,75 THEN GOTO 2180 ‘1S DIFF > .5 ANPS

2100 GOTO 2130

2110 Y1 =1




2120

2200
2210

-

’

F$ = # MEASURED CHARGE CURRENT ON CHARGER # 1 > COMMANDED CURRENT"
SETGAIN = 3 : SETCHAN = 2 * GAIN RANGE +/- 1.25

Gosus 1930 * A/D CONVERSION

CHGI.2M# = ((HIGH1#* 256 + LOWI#) * .00061 - 1.25) * 12.5 '

IF (CHGI.2M# - CHG.12#) > 1.75 THEN GOTO 2180 ‘IS DIFF > .5 AMPS
GOTO 2200

Y2 =

F$ = “ MEASURED CHARGE CURRENT ON CHARGER # 2 > COMMANDED CURRENT"
RETURN

1 wswwt DIGITAL 1/0 PREPARE  *wwaswisw

GOSUB 1460

WAIT STATUS.REGISTER, COMMAND.WALT

OUT GCOMMAND .REGISTER, 5 'PREPARE 1/0 PORT FOR OUTPUT
GOSUB 1460

OUT DATA.REGISTER, DPORT ‘SET PORT ZERO FOR OUTPUT
SET!SE.'.Q DIGIT‘L l/o wfpur R 222 el s d st ]

GOSUB 1460

WAIT STATUS.REGISTER, COMMAND.WAIT

OUT COMMAND .REGISTER, 7 fCOMMAND IMMEDIATE DIGITAL OUTPUT
GOSUB 1460

OUT DATA.REGISTER, DPORT fSELECTED OQUTPUT PORT

GOSuB 1460

OUT DATA.REGISTER, DWORD 'BITS TO SET HGH

RETURN

¢ weswss D/A OUTPUT ON SELECTED CHANNEL (CHAN)  wwwewawas

GOSuB 1460

WAIT STATUS.REGISTER, COMMAND.WAIT

OUT COMMAND .REGISTER, CDAOUT fIMMEDIATE D/A OUT

GOSuB 1460

OUT DATA.REGISTER, CHAN ‘D/A CHANNEL SELECTED

GOSUB 1460

OUT DATA.REGISTER, LOWBYTE

GOSUB 1460

OUT DATA.REGISTER, HIGHBYTE

RETURN

’ AR AARE saj“o CONTINWS Awlo ALAR" vkttt ted

DPORT = 1 : DwWORD = 2

GOsuB 2210 ‘GOSUB DIGITAL 1/0 PREPARATION

GOsus 2280 fGOSU8 DIGITAL 1/0 OQUTPUT

RETURN .
okl SOUND THREE ALARMS AND APPEND CELL NUMBER TO

FILE * CVADIFF * RERERRREANRRNS

GOSUB 3320 : GOSUB 3320 : GOSUB 3320

OPEN “A™, ¥4, “A:CVADIFF® 'OPEN FILE TO STORE LAST 80 CELL VALUES
OPEN "(PT1:™ FOR OUTPUT AS #4 'PRINT FOLLOWING ON THE PRINTER
PRINT#4, : PRINT#4, : PRINT#4,

PRINT#L, "; TIMES ;» DATE *; DATES

PRINT#L, CEVS : PRINT#4,

PRINT#4, “CELL ";LO00P; "VALUE 1S »;

PRINT#4, USING" ##N. m---csu VALUE#'

PRINT“, " VOLTS®

PRINT#4, CLCS

PRINT#,

PRINT#L, wwenes ACTUAL CURRENT [S ®otwe &

PR]NT“ YCHARGER # 1 *;

PRINT#4, USING “###. ##"‘ CHGI . IM¥;

PRINT“, MAMPSH . 0 CHARGER # 2 “.

PRINTHSL, USING “A¥#.##%; CHGI.2M¥;

PRINT#4, * AMPS™

PRINT#4, "COMMANDED CURRENT CHARGER # 1 IS *;CHG.11#; “AMPS CHARGER
® <CHG.12#;%“AMPS"

PRINT#4, : PRINTAL,

CLOSE#4

RETURN

1 weasws  STORE TIME OF CHARGE RATE CHANGE - SOUND TWO ALARMS  wes®
OPEN "A“, #3, “A:CEVCHGRT"

OPEN *LPT1:* FOR OQUTPUT AS #3 'PRINT FOLLOWING ON THE PRINTER
PRINT#3, : PRINTA3, : PRINT#3,

PRINT#3, TIMES; ™ ®*#* CHARGE CURRENT RATE CHANGE OCCURRED  #*wsn
PR!NTﬁ “CELL NUMBER *; LOOP ; "WAS ",

PRINT#3, USING * ##. m"- CELL. VALUE"

PRINT#3, » v

PRINTH3, CEVS : PRINT#3,

PRINTﬂ CLCS : PRINT#3,

PRINT“ asnane ACTUAL CURRENT  wwwee w

antﬁ YCHARGER # 1 ;

PRllﬂﬂ USING "™#¥¥. ”"' CRGI . 1M¥;

PRINTH3, ® AMPS™ . CHARGER # 2 ",

PRlNTﬂ USING "m ##%; CHGI.2M¥;

PRlll‘lﬂ, " AMPS*®

PRINTH3, “COMMANDED CURRENT CHARGER # 1 IS ™;CHG.11#; * AMPS CHARGER
® .CHG.[20;" AMPS®

PRINTH3, : PRINTAS,

::I:I”T‘ﬂ, 2 3 CLOSE“ GOSUB 3320 : GOSUB 3320 ‘SOUND TWO TONES
TURN

resenannens  TRIGGER CEV ENABLE ON PORT ONE BIT ZERQ  #w%e*

DPORT = 1 : DWORD = 1

Gosus 2210 'GOSUB DIGITAL 1/0 PREPARATION
cosus 2280 'GOSUB DIGITAL 1/0 OUTPUT
E-3




3000 OWORD = 0
3010 Gosus 2280 GOSUB DIGITAL 1/0 OUTPUT
3020 RETURK
3030 fRRERRREERAEHY RECORD TO A:CEVCHGRT BOTH CHARGERS SET TO 2 AMP m#wewew
3040 f$ = n *w* BOTH CHARGERS SET TO 2 AMP RATE bl
3050 GOsus 2760 GO STORE TIME OF RATE CHANGE TO A:CEVCHGRT
3060 RETURN
3070 1 wewwsew PRINT TO C:\BAS\TEMP1 wrnsrasanne
3080 OPEN “a", #1, “DISCHGL.TEM"
3090 PRINT#1, : PRINT#1, : PRINTH1,
3100 PRINT#1, " - TIMES ;" DATE “; DATES
3110 FOR NW = 1 TO 80
3120 IF CEVS(NW) = 1 THEN 3150 CHECKS TO SEE IF THAT CELL HAS BEEN LATCHED
3130 LCS = BS
3140 GOTO 3160
3150 LCS = AS
3160 PRINT#1, NM; PRINT CELL VALUE AND RELAY LATCH
3170 PRINT#1, USING “ ¥ ##4":CVE(NW); ‘CONDITON
3180 PRINT#1, DS ; LCS
3190 NEXT
3191 PRINTH1, * “. TIMES ;% DATE “; DATES
3200 GOSUB 3320 : GOSUB 3320 : GOSUB 3320 : GOSUB 3320 ’4 BEEPS
3210 PRINT#1, “HIGH CELL NO. IS *; HCNUM; LH
3220 PRINT#1, USING “#_###"; HIGHCELL#
3230 PRINT#1, “LOW CELL NO. IS “; LCNUM; LH
3240 PRINT#1, USING “#_###%; LOMCELL#
3250 PRINT#1, )
3260 PRINT#1, * TOTAL CELLS ABOVE LOW VOLTAGE CUTOFF AND STILL LATCHED IS *;
3261 PRINT#1, USING “#¥»: TOT.CELL
3270 PRINT “CELL AVERAGE = “;
3280 PRINT USING " #.##4";CELLAVGH
3290 PRINT#1, DATES
3300 CLOSE#1
3310 RETURN
3320 ’ RETRRANAENNNR sEND w‘l’ A GEEP RERARRREEEATNNEE
3330 DPORT = 1 : DWORD = 2
3340 GOosuB 2210 'GOSUS DIGITAL 1/0 PREPARATION
3350 GOSuB 2280 GOSUB DIGITAL 1/0 OUTPUT
3360 FOR @ = 1 TO 1000 : NEXT 'DELAY FOR TWO SECONDS
3370 DWORD = O 'TURN OFF ALARM
3380 GOSUB 2280 GOSUB DIGITAL 1/0 OUTPUT
3390 RETURN
3400 ¢ weww* INCREMENT COUNT OF RESPECTIVE GROUP OF 40  wweew
3410 IF L00P < 41 THEN 3440
3420 CHG2LAT = CHG2LAT + 1
3430 GOTO 3450
3440 CHGILAT = CHGILAT + 1
3450 IF CHGTLAT => 40 THEN CHGILAT = 0 : F$ = ™  weeawwddw  [£IpgT 40 HAD LA
YCHED Ll i i a2l il 2141 H GOSUB
60 If CHG2LAT => 40 THEN CHG2LAT = 0 : F§ = @  ##wdeaden [ AGT 4G HAD LAT
CHED  wewssewsesn . GOSUR 3600
3470 RETURN
3480 ¢+ *** SECURE FIRST 40 RELAYS STOP CHARGER # 1  www
3490 CHG.1 = 0 : CHAN = 0 : GOSUB 1670 ¢ STOP CHARGER # 1
3500 DPORT = 0 : DWORD = 4 'RESET RELAYS 1 - 40 J2/48
3510 GOSuB 2210 : GOSUB 2280 ‘DIG 1/0 PREPARE : DIG 1/0 OUTPUT
3520 DWORD = 0 : GOSUB 2280
3530 CEVS =% w*wasw  CUARGER # 1 SECURED  weeeew
3540 CLCS = % wewex  REIAYS 1 THRU 40 RESET OPEN  wwwwwu
3550 Gosus 2760 ‘SOUND TWO BEEPS AND PRINT MSGS
3560 Gosus 2480 GO SOUND CONTINUOUS ALARM
3570 FOR RSTCEVS = 1 TO 40 : CEVS(RSTCEVS) = 0 : NEXT
3580 RETURN
3590 ¢
3600 ¢ *** SECURE LAST 40 RELAYS STOP CHARGER # 2  *»+
3610 CHG.1 = 0 : CHAN = 1 : GOSUB 1670 * STOP CHARGER # 2
3620 DPORT = O : DWORD = 16 fRESET RELAYS 41 - 80 J2/47
3630 GOSUB 2210 : GOSUB 2280 'DIG 1/0 PREPARE : DIG 1/0 OUTPUT
3640 DWORD = 0 : GOSUB 2280
3650 CEVS = & wweaw  CHARGER # 2 SECURED  toterw
3660 CLCS = % *wsew  RELAYS 41 THRU 80 RESET OPEN  ww#wew
3670 GOsus 2760 SOUND TWO BEEPS AND PRINT MSGS
3680 GOSUB 2480 GO SOUND CONTINUOUS ALARM
3690 FOR RSTCEVS = 41 TO 80 : CEVS(RSTCEVS) = 0 : NEXT
3700 RETURN
3710 ¢+ we****  print to screen all cell values
3720 and print the current from both chargers ##wew
3730  PRINT
37420“ PRINT » ] 2 3 4 5 [) 7 8 9
3750 PRINY * 1v;
3760  PRINT USING * #¥.#8";CVR(1);CVH(2);CVE(3);CVN(4);CVI(S);CV(6) ;CVE(T);CV
#(8);CVE(9);CV#(10)
3770 PRINT
3780  PRINT "11%;
3790  PRINT USING ® ## ##;CVR(11);CVH(12);CVH(13);CV¥(14);CVH(15);CVR(16);CVH

€17);CVN(18);CVN(19);CV#(20)

3800
3810
3820

PRINT
PRINT %21%,
PRINT USING * ##. #4";CVH(21);CVH(22);CVN(23);CVN(24);CVH(25);CVR(26);CVH




(27);CVR(28);CVH#(29);CV#(30)

3830 PRINT

3840 PRINT “31%;

3850  PRINT USING  ##_ #v;CVA(31); CVH(32);CVH(33); CVH(34); CVH(35);CVH(36);CV#
(37);CV#(38);CV#(39); CV#(40)

3860  PRINT

3870  PRINT “4iv;

3880 PRINT USING * ##.##4;CVH(41);CVA(42);CVH(43) ;CVR(44) ;CVR(LS ) ;CVH(46) ;CV#
(47);CVE(4L8);CVH(49) ;CV#(50)

3890 PRINT

3900  PRINT “S51%;

3910  PRINT USING " ## ##v;CVH#(51);CV#(52);CVH#(53);CVH#(54);CVH(55);CVH(56);CV#
(57);CV#(58);CVH#(59);CV#(60)

3920  PRINT

3930  PRINT “61%;

3040  PRINT USING " #¥ ##n;CVR(61);CV#(62);CVH(63);CVR(64); CVR(65);CV#(66);CVH
(67);CV#(68);CVR(69);CVE(T0)

3950  PRINT

3960 PRINT “71%;

3970  PRINT USING "  ##.MHv;CVE(T1);CVH(T2);CVR(T3) ; CVH(T74) ;CVH(T5) ;CVE(T6),;CVH
(77);CVE(T8) ;CVH#(T9);CVH#(80)

3980 PRINT

3990 PRINT “CELL AVERAGE = *;

4000 PRINT USING “# #¥#";CELLAVGH

4010 PRINT »LOM CELL z M,

4020 PRINT USING "#. ###"; L ONCELLY;

4030  PRINT » THE LOW CELL NUMBER 1S # 4 LONUM;n
4040  PRINT “HIGH CELL = *;

4050  PRINT USING “# ###":HIGHCELL¥;

4060  PRINT # THE MIGH CELL NUMBER IS # %; HONUM

4070  PRINT

4071  CELLSDIS = 72 - TOT.CELL

4080 PRINT ® TOTAL CELLS DISCHARGED IS “;

4090  PRINT USING “##"; CELLSDIS

4100 RETURN

4110 ¢ wewstawes TOGGLE DISPLAY ON/OFF bnblabedndbededed
4120 IF TOGG = 1 THEN 4140

4130 IF TOGG = 0 THEN 4150

4160 T0GG = 0 : GOTO 4160

4150 T0GG = 1

4160  RETURN

4170 ¢ #esex  PRINT CELL VALUE AND CHARGER CURRENT TO DISPLAY hadalicked
4180 PRINT “CELL NUMBER " ; LOOP ; LCS$; * CELL VALUE IS%;

4190 PRINT USING “###.#4#"; CELL.VALUE#

4200 PRINT

4210 PRINT “TOTAL NUMBER OF CELLS LATCHED 1S “; TOT.CELL

4220 PRINT

4230  PRINT %  THE HIGH CELL NUMBER 1S # %;

4240 PRINT USING “##%;HCNUM;

4250  PRINT * “

4260  PRINT USING "#.#4#"; WIGHCELL¥;

4270 PRINT % wu

4280  PRINT ®  THE LOW CELL NUMBER IS % *;

4290 PRINT USING "##;LCNUM;

4300  PRINT ® "

4310 PRINT USING “#.###%; LOWCELLY¥;

4320 PRINT » w»

4330 PRINT : PRINT : PRINT : PRINT

4340 FOR PROL = 1 TO 5000 : NEXT

4350  RETURN

4360 ¢ weewsess  ADJUST CHG.1 FOR OUTPUT CURRENT CHANGES Sa#wwawswwaras
4370 ¢ %%« CHARGER # 1 CURRENT CHANGE ONLY ®#saws
4380  CHAN = O : GOSUB 1670 : RETURN

4390 ¢ ***  CHARGER # 2 CURRENT CHANGE ONLY *wwawe
4400  CHAN = 1 : GOSUB 1670 : RETURN

4410 ¢ %e* * CHANGE CURRENT ON BOTH CHARGERS  #wwews
4420  GOSUB 4370 : GOSUB 4390 : RETURN

4440 ! waawedst  DISPLAY MEASURED CURRENT hbadababed
4450 FOR CC =1T05

4460 GOsuB 2050 ! GET CHGI.IM# AND CHGI.2M¥
4470 PRINT “CHARGER # 1 *»;
4480 PRINT USING “A#¥.##"; CHGI.1M#;

4490 PRINT ™ AMPS™ .« CHARGER # 2 *;

4500 PRINT USING “###.##"; CHGI.2M¥;

4510 PRINT * AMPS™

4520 PRINT : PRINT

4530 FOR CCO = 1 TO 1000 : NEXTY

4540 NEXT

4550 PRINT *IS CURRENT MEASURED OK? (y,n)*

4560 CCas = INPUTS(1)

4570 IF CCQS = “y" THEN RETURN

4580 1F CCa$ = “n™ THEN 4600

4590 GOTO 4550

4600 PRINT *1S CHARGER # 1 CURRENT VALUE OK? (y,m)"

4610 CCas = INPUTS(1)

4620 IF CCQ$ = “y* THEN 4700

4630 1F CCQS = “n" THEN 4650

4640 GOTO 4600

4650 PRINT “COMMANDED CURRENT ON CHARGER # 1 IS " ; CHG.I1# : PRINT




4660 PRINT “INPUT DESIRED VALUE FOR CHARGER # 1v

4670 INPUT CHG.11#

4680 CHG.] = CHG.11# *= 255

4690 GOSUB 4370 : GOTO 4450

4700 PRINT “COMMANDED CURRENT ON CHARGER # 2 IS " ; CHG.I2# : PRINT

4710 PRINT “INPUT DESIRED VALUE FOR CHARGER # 2%

4720 INPUT CHG.12#

4730 CHG.1 = CHG.12# * 255

4740 GOSUB 4390 : GOTO 4450

4750 ¢ weweeenn PRINT RELAY LATCH CONDITIONS bubbintabbbdd

4760  PRINT

4770  PRINT % RELAY LATCH CONDITYIONS ( 0 = OPEN 1 = CLOSED ); : PR]N;
5 6

4780 PRINT 1 2 3 4
9 10m
4790  PRINT : PRINT
4800 PRINT “;CEVS(1);" ";CEVS(2);% “:CEVS(3);" “:CEVS(4);"
" CEVS(5);" ":CEVS(6):" " CEVS(T);n " CEVS(B);" w:CEVS(9):"
»:CEVS(10)
4810° PRINT ¥ “;CEVS(11);% ";CEVS(12);" w;CEVS(13);* »:CEVS(14)
P #;CEVS(15);% u:CEVS(16);" " CEVS(17);n ";CEVS(18);" " CEV
S(19);" " CEVS(20)
4820 PRINT ® “;CEVS(21);" u;CEVS(22);% u;CEVS(23);" - CEVS(24)
™ ";CEVS(25);" " CEVS(26);" #;CEVS(27); ";CEVS(28);" “; CEV
S(29);% . w;CEVS(30)
4830  PRINT » ";CEVS(31);% ";CEVS(32);" #:CEVS(33);" " CEVS(34)

Rl ", CEVS(35);v “;CEVS(36) ;" ";CEVS(37);" ", CEVS(38);™ ",CEV
S(39);" “'CEVS(‘O)

4840  PRINT » "'CEVS(41)'“ " CEVS(42) ;" ";CEVS(43) ;" ".CEVS(4L4)
;" WCEVS(45);% | W;CEVS(46);% | %;CEVS(AT);% | M;CEVS(48);* ' #:CEV
S(49);" #-CEVS(50)

4850  PRINT % ";CEVS(51);" ";CEVS(52) ;" “;CEVS(53);" ", CEVS(54)
I “;CEVS(55);" ":CEVS(56):% " CEVS(57) ;" “:CEVS(58);" ":CEV
S(59);" ", CEVS(60)

4B60  PRINT * “;CEVS(61);" *;CEVS(62) ;" *;CEVS(63);% ";CEVS(64)
" ;CEVS(65);" ";CEVS(66);" u;CEVS(67); ¢ ";CEVS(68);~ ";CEV
S(69);% “;CEVS(70)

4870  PRINT * *;CEVS(71);" " CEVS(T2);% ";CEVS(73);" ";CEVS(74)
P MCEVS(TS);®  W;CEVS(76);%  “;CEVS(TT);% ;CEVS(78);" “;CEV

S(79);" ";CEVS(80)

4880  RETURN

4890 ’ AARRRRRE SECURE AUDIO ALARM RRCAERANRES

4900 DPORT = 1 : DWORD = 0

4910 GOSUB 2210 ‘GOSUB  OIGITAL 1/0 PREPARATION
4920 GOSuUB 2280 'GOSUB DIGITAL I1/0 OUTPUT

4930 RETURN

4940 ¢

4950 ¢  waweswats  COMPUTE CELL AVERAGE  *wweswews
4960  CELLAVGH = 0

4970  TOTCELL.VAL¥ = 0

4980  FOR CA = 1 70 BO

4990 IF CA = 19 THEN 5090

5000 IF CA = 20 THEN 5090
5010 IF CA = 39 THEN 5090
5020 IF CA = 40 THEN 5090
5030 IF CA = 59 THEN 5090
5040 IF CA = 60 THEN 5090

S050 IF CA = 79 THEN 5090

5060 IF CA = B0 THEN 5090

5070 CELLAVG# = CELLAVGH + CV#(CA)

5080 TOTCELL.VAL# = TOTCELL .VAL# + CVA(CA)

5090 NEXT

5100 CELLAVG# = CELLAVGK / 72
5110 RETURN

3120 ¢

5130 s eeewaswww  CELL VALUE# GREATER THAN 2.3 VOLTS RESET CEVH TO 0  wawwwe
5140 CEV# = 0 : CELL.VALUE# = CELL.VALUE#/2
5150  RETURN

’

s170 ¢ taaseanss® print test cell and return to stop habatadodnindedabodedod dod
5180  PRINT “cell number %; LOOP;" is ",

5190  PRINT USING "#. ###"' CELL. VALUE*-

5200 PRINT * volts®

5210 RETURN

5220 / texwawses STOP DISCHARGE CELL BELOW 1.185v  weeewse
5221 CEVS =~ whews  CELL BELOW 1.20 VOLTS  weewen

5222 CLCS = ™  ALL RELAYS LATCHED OPEN - DISCHARGE SECURED *
5230 GOsuB 2530 ! SOUND THRE BEEPS AND PRINT PROBLEM CELL

5240 GOsus 3320 ! BEEP

5250 GOSuB 1720 ' RESET ALL OUTPUTS TO OPEN RELAYS AND STOP DISCHG
5260 GOSuB 1900

5270 PRINT » DO YOU WISH TO CONTINUE PROGRAM? (y,n)*

5280 OQUESTS = INPUTS(1)

5290 IF QUESTS = “y* THEN GOTO 320

5300 1F QUESTS = “n" THEN STOP

5310 GOTO 5270

5320 ¢ **** SET {CNUM TO LOOP ®%we o

5330 LOMCELL# = CVA(LOOP)

5340 LCNUM = LOOP

5350 RETURN

5360 7 twene SET ALL RELAYS FOR RESISTOR DISCHARGE roveee
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5370 DPORYT = 0

5380 GOSUB 2210 ‘GOSUB OIGITAL I1/0 PREPARATION
5390 DWORD = 8

5400 GOSUB 2280 'GOSUB  DIGITAL 1/0 OUTPUT
5410 DWORD = 0

5420 GOSUB 2280 ‘GOSUB  DIGITAL 1/0 OUTPUT
5430 GOSUB 1860 foutput clock

5440 GOSUB 1860 ‘ OQUTPUT CLOCK

5450 FOR DLOOP = 1 TO 80

5460 GOSUB 1860 ' OUTPUT CLOCK

5470  PRINT “LATCH CELL RELAY NUMBER ";DLOOP; "2%
5480 RLATS = INPUTS(1)

5490  IF RLATS = “y" THEN 5520

S500 IF RLATS = ®n* THEN 5530

5510 GOTO 5470

5520 GOSUB 2960 : CEVS(DLOOP) = 1 / TRIGGER CEV ENABLE ON HARDWARE
5530 GOSUB 1860 ' OUTPUT CLOCK

5540 GOSUB 5620 ‘ GO SUB TO DELAY

5560 GOSUB 5640 ! GO COMPUTE THE TOTAL CELLS LATCHED
5570 PRINT “ARE THE CONNECTORS CHANGED? *

5580 CCNGS = INPUTS(1)

5590 IF CCNGS = "y THEN 5610

5600 GOTO 5570

5610 RETURN

5620 FOR DLY = 1 TO 1000 : NEXT

5630 RETURN

S640  '***% SUM THE TOTAL CELLS (TOT.CELL) FROM CEVS(1-80) **#***
5650  TOT.CELL = 0

5660  FOR TOTCELL = 1 TO 80

5670  TOT.CELL = TOT.CELL + CEVS(TOTCELL)

5680  NEXT

5690  RETURN

S700 ¢ **ax  SET HCNUM TO LOOP  *#e* =

5710 HIGHCELL# = CV#(LOOP)

5720 HCNUM = LOOP

5730 RETURN

5740 '*****  Go Print last 80 to PRINTER  “weeswawia
5750  OPEN “lpt1:™ FOR OUTPUT AS #2

S760  PRINT#2,

ST70  PRINTHZ, =aa®  DISCHARGE IN PROGRESS AT LOW CURRENT RATE

5780  PRINTA2,

5810  PRINT#2," ";TIMES;" DATE " ;OATES ANNOTATE TIME

5820  PRINTA2,

5830 FORP =170 80 /L00P 80 TIMES TO GET MOST RECENT CELL VALUES
5840  IF CEVS(P) = 1 THEN 5870  ‘CHECKS TO SEE IF THAT CELL HAS BEEN LATCHED
5850  LCS = 8S 1 88 = NOT LATCHED

5860  GOTO 5880

S870  LCS = AS + A$ = LATCHED D$ =V  RELAY IS

5880  IF PRNTFLG = O THEN 5940

5881  PRINT#2,®  ®;

S890  PRINTH2, USING “ ##%;p;

5900  PRINTN2, USING " #.M4#";CVA(P);

5910  PRINT#2, USING *\ \":D$ ;

5911  PRINT#2, USING "\ \¥; LCS

5920  PRNTFLG = 0

5930  GOTO 5980

5040  PRINTH2, USING®™ #4“;P;

5950  PRINTH2, USING® #.###":CVH(P);  ‘CONDITON

5960  PRINT#2, USING "\ \";08 ;
5961  PRINT#2, USING ™\ \"; LCS;
5970  PRNTFLG = 1

5080  NEXT

5090  PRINT#2,
6000  PRINTH2, “CELL AVERAGE = “;
6010  PRINTH2, USING “#.###";CELLAVGH;
6020  PRINT#2, * TOTAL BATTERY VOLTAGE = *;
6030  PRINT#2, USING “###_#%;TOTCELL.VAL#
6040  PRINTA2,
6050  PRINTH2, “HIGH CELL NO. IS %; HCNUM; %  «;
6060  PRINTH2, USING “N.###"; HIGHCELL¥
6070  PRINTA2, ®LOW CELL NO. IS “; LCNUM; »  »;
6080  PRINTH2, USING “#.###"; LOWCELL#
PRINTH2,

6090
6100 PRINT#2, * TOTAL CELLS ABOVE LOW VOLTAGE CUTOFF AND STILL LATCHED IS

6110 PRINT#H2, USING "M¥“; TOT.CELL
6120 CLOSE#2 : RETURN




810
820

- -

.

romwawawaver  DISCHGH.BAS  as of 01/03/92  TIME 1230 w#wssswwnsn
?
DEFINT A-Z ¢+ ASSIGN ALL LETTERS AS INTEGERS
LC1# = 3 : LC2# = 3 SET LOMEST CELLS FOR #1 & #2 CHARGERS ABOVE 0
WIDTH “lpt1:",78
BASE .ADDRESS
COMMAND .REGISTER

&H2EC 'DT 2801 memory assignments
BASE .ADDRESS + 1

KR un

STATUS.REGISTER BASE .ADDRESS + 1

DATA.REGISTER BASE .ADDRESS

COMMAND .WAIT = §N4

WRITE.MWAIT = &H2

READ .MAIT = &MS

CCLEAR = &K1

CADIN = 8HC ’&H8c = ext trigger, &Hc = continuous
csTorP &MF

CDAOUTY = &HB

STCHG =0

DIM CV#(80) 'DIMENSION CELL VALUE (CV#)

DIM CEVS(80) ‘DIMENSION CELL VALUE (CV#¥)

DIM CL#(80) DIMENSION CELL LATCH (CL#)

DIM COV(80) ‘DIMENSION CELL OVER VOLTAGE (COV)

DIM 2(80) DIMENSION OVER VOLTAGE LOOP TWICE CHECK
AS = WLATCHED"

88 = “NOT LATCHED"

C$ = “CELL NUMBER "

DS = ® RELAY IS *

OUT COMMAND.REGISTER, CSTOP

TEMP = INP(DATA.REGISTER)

GOSUB 1920

WAIT STATUS.REGISTER, COMMAND.WAIT

OUT COMMAND .REGISTER, CCLEAR

4 waddERsaNd DROMPT TO RESET OUTPUTS AT START UP  wewwaws
PRINT “RESET ALL QUTPUTS? (y,n)*

RSTIS = INPUTS(1)

1F RSTIS = “y® THEN 380

IF RSTIS = “n™ THEN 460

GOTO 330

GOSUB 2130 ‘set all analog and digital outputs to zero

*o%  PROMPT TO INPUT AMP-HOURS OUT DURING DISCHARGE ***
PRINT “STORE AMP-HOURS OUT OF BATTERY DURING DISCHARGE? (y,n)"
AHOUTS = INPUTS(1)
IF AHOUTS = "y" THEN GOSUB 6970 : GOTO 450
1F AHOUTS = "n" THEN 450
GOTO 390
¢ wewwwsees  INPUT RELAY ENABLE COUNT FROM PREVIOUS RUN *#wewnestsns
PRINT “INPUT RELAY CELL NUMBER? (y,n)"

RSTOS = INPUTS(1)

IF RSTOS = “y" THEN GOSUB 6880 : GOTO 550

1F RSTOS = ®nY THEN 550

GOTO 460

PRINT “RELAY CELL NUMBER ?*

INPUT CN

CEVS(CN) = 1

GOTO 420

(ad 2221321211122 anpr Fm DES!RED CMRGE wRRE"T AR ERATTREE
PRINT “IS CHARGE CURRENT THE SAME FOR BOTH CHARGERS?%

RSCHGS = INPUTS(T)
Gosus 7100

IF RSCHGS = ®y® THEN 740

1F RSCHGS = "n" THEN GOSUB 7100 : GOTO 620

GOTO 560

PRIRT *IS EITHER CHARGER AT THE 2 AMP RATE? (y,n)*

CHGRTS = INPUTS(1)

IF CHGRYS = "y THEN 670

1F CHGRTS = “n» THEN 720

GOTO 620

PRINT » WHICH CNARGER IS AT THE 2 AMP RATE? CTOR2)
INPUT CHGNO

If CHGNO = 1 THEN CEVL = 1 : STCHGY = 1 : GOSUB 5580 : GOTO 850
(I;S'lgug';g = 2 YHEN CEVH = 1 : STCHG2 = 1 : GOSUB S580 : GOTO 850

PRINT ® WHAT IS CHARGE CURRENT IN AMPS? ( TYPE 0, 2 OR 7 )* : PRINT
INPUT CHG.!

IF CHG.1 = O THEN 800

IF CHG.] = 2 THEN 820

IF CKG.1 = 7 THEN CHG.1 = 100 : GOTO 840

GOTO 660

CHG.l = O : F$ = * 0 AMP RATE ™ : CHG.I1#x0 : CHG.l2#=J

GoT0 850

CHG.11#=2: CHG.I2#=2:F$x" 2 AMP RATE": STCHG=2: CHG.I = 510 : STCHG! = 1

: STCHGZ = 1 : GOSUB 5550 ' SRT CHGS & AW CLOCK

830
840
850
860
870
880
890

GOTO 850

CHG.11#= 7 : CNG.I12#= 7 : F$ = ™ 7 AMP RATE®:GOSUB 5550

ON KEY(1) GOSuB 2340 'F1 key to PRN 80 cv# & cl# to Printer

ON KEY(2) GOSUB 4770 ’F2 key display last 80 cells to 8 rows

ON KEY(3) GOSuB 5280 ’F3 key to toggle displayed data on/off

ON KEY(4) GOSUB 5950 'F4 key to display last 80 latch conditions
ON KEY(6) GOSUB 5580 'F& key allows for current changes




900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
107C
1080
1090
1100
1110

1280
1290
1300
1310
1320
1330
1340

[
¢

ON KEY(7) GOSUB 3990 ‘F7 key sends data to hard disc temp?

ON KEY(10) GOSus 6090 ‘F10 key STOPS CONTINUOUS ALARM

sesaweswn’ OUTPYT PULSE TO RESET COUNTERS AND MONITOR CIRCUIT weswwes
GOosuB 6270 /GO OUTPUT RESET

eswannawavds [ oop 80 times waiting each time for the sample Pusle  ***

FOR LOOP = 1 TO 80 'start 80 samples

GOosus 2270 ‘clock to incr monitor circuits
Y1=0:v2=0

SETGAIN = 2: SETCHAN = 7 fRANGE [S +/- 2.5 wk** CELL.VALUE# **
CVAVG# = 0

FOR CVA = 110 3 AVERAGE CV¥# 5 TIMES

GOsuB 2860 * A/O CONVERSION FOR CV# VALUE

CELL.VALUE# = (HIGH1# * 256 + LOWI¥) * .0012207 - 2.5

CELL.VALUE# = ABS (CELL.VALUE#)

CVAVGH# = CVAVGH + CELL.VALUE#

NEXT

CELL.VALUE# = CVAVGH / 3 ‘CALCULATE CELL.VALUE BASED ON 5 SAMPLES
f1F LOOP = 85 THEN GOSUB 6200 : STOP

GOosuB 2270 foutput clock to trigger A/D on hardware

1F LOOP = 19 THEN 1690

1F LOOP = 20 THEN 1690

IF LOOP = 39 THEN 1690

IF LOOP = 40 THEN 1690

1F LOOP = 59 THEN 1690

IF LOOP = 60 THEN 1690

1F LOOP = 79 THEN 1690

IF LOOP = 80 THEN 1690

IF CELL.VALUE# < 1.2 THEN F$ = * CELL BELOW 1.20 VOLTS"™ : GOSUB 6660
! SETGAIN = 1: SETCHAN = & ‘RANGE IS +/- 5.0  **** READ CEVH *v**
! GOSUB 2470 ! A/D CONVERSION

KEY(1) ON ‘enable F1 key

KEY(2) ON ‘enable F2 key

KEY(3) ON ‘enable F3 key

KEY(4) OM ‘enable F4 key

KEY(6) ON ‘enable F6 key

'KEY(7) ON ‘enable F7 key

KEY(10) ON ‘enable F10 key

CEV¥ = (HIGHT#* 256 + LOW1#) * .0024414 - 5 ‘calculate CEV¥ value
KEY;é)S(YJW fDISABLE F6 UNTIL NEXT KEY ON STATEMENT

CEV# =

CEV# = ABS(CEV#) ‘change bipotar to positive value

1F CELL.VALUE# > 2.05 THEN CEVH# = S

1F CEVS(LOOP) = 1 AND CELL.VALUE# > 2 THEN F$ = “CELL LATCHED TO RESISTO

R _AND THE VOLTAGE WAS OVER 2.0 VOLTS * : GOSUB 6760

1350 IF CEVS(LOOP) = 1 THEN GOTO 1390

1360 1F CEV# > 3 THEN 1400 ! YES, GO CHECK IF 7 AMP

1370 (C$ = BS

1380 GOTO 1590

1390 LCS = AS : GOTO 1580

1400 IF STCHG < 2 THEN 1420 ! YES, GO CHECK 2 AMP RATE ON BOTH CHAARGERS
1610 GOTO 1570

1420 IF LOOP > 40 THEN 1500

1430 1F CEVH = 1 THEN GOSUB 3950 : GOTO 820 ‘SET CHARGERS TO 2 AMPS PRINT MSG
14640 IF CEVL = 1 THEN 1570

1450 CHG.I1# = 2:CHG.I = 510 : GOSUB 5510 GO OUTPUT NEW CURRENT on chg #1
1460 CEVL = 1 : STCHGT = 1

1470 F$ = “CHARGER #1 IS AT 2 AMP RATE : CHARGER #2 IS AT 7 AMP RATE®
1480 GOSuB 3680 PRINT CHARGE RATE CHANGE TO A:CEVCHGRT

1490 GOTO 1590 RESUME CELL VALUE CHECKS

1500 IF CEVL = 1 THEN GOSUB 3950 : GOTO 820 ‘SET CHARGERS TO 2 AMPS PRINT MSG
1510 IF CEVH = 1 THEN 1570

1520 CHG.I2# = 2:CHG.I = S10 : GOSUB 5530 ‘GO OUTPUT NEW CURRENT on chg #2
1530 CEVH = 1 : STCHG2 = 1

1540 F$ = "CHARGER #1 1S AT 7 AMP RATE : CHARGER #2 IS AT 2 AMP RATE®
1550 GOsuB 3680 'PRINT CHARGE RATE CHANGE TO A:CEVCHGRY

1560 GOTO 1590

1570 CEVS(LOOP) = 1 ! CELL WAS NOT LATCHED, DO IT

1580 GOSuB 3880 ’ GO TRIGGER RELAY ENABLE

1590 CVH#(LOOP) = CELL.VALUE#

1600 1F LOOP > 40 THEN 1640

1610  IF CVH(LOOP) > HC1# THEN GOSUB 6510 * SET HIGH CELL 1st 40 TO CV(LOOP)
1620 IF CVH(LOOP) < LC1# THEN GOSUB 6800 ‘ SET LOW CELL ist 40 TO CV(LOOP)
1630 GOTO 1860

1640 IF CVH#(LOOP) > HC2# THEN GOSUB 6550 # SET HIGH CELL 2nd 40 TO CV(LOOP)
1650 IF CVAH(LOOP) < LC2# THEN GOSUB 6840 * SET LOW CELL 2nd 40 TO CV(LOOP)
1660 'IF OVF > O THEN 1670 ' 1f overvoltage flag set don’t stop program

1670 *1F CELL.VALUE# > 2.075 THEN GOSUB 1940

1680 IF TOGG = O THEN GOSUB 5340 * GO PRINT CELL INFO TO SCREEN

1690 IF 1CK > 7 THEN GOSUB 2980 : ICK = 0 : GOTO 1710 ‘CHECK ACTUAL MEASURED
CURRENT

1700 ICK = ICK + 1 : GOTO 1800

1710 IF YT = 1 THEN GOSUB 4520 “IF CHARGE CURRENT TOO NIGH SECURE # 1

1720 IF Y2 = 1 THEN GOSUB 4650 *1f CHARGE CURRENT TOO HIGH SECURE # 2

1730 'I1F T1 = 1 THEN 1770

1740 IF STCHGY > O THEN 1760 ‘CHG #1 AT 2 AMP?

1750 GOTO 1770

1760 1F CHGI.1M# < .2 THEN F$="*** CHARGE CURRENT < .2 AMP WITH RELAY ENABLE

SET ON CHARGER NO. 1##%#*%:STCHG1=0:GOSUB 4520
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1770
1780
1790

1¥ STCHG2 > 0 THEN 1790
GOTO 1800
IF CHGI.2M¥ < .2 THEN FS="*** CHARGE CURRENT < .2 AMP WITH RELAY ENABLE

SET ON CHARGER NO. 2%**":STCHG2=0:GOSUB 4650

1800
1810
1820

1910
1920
1930
1940
1950

NEXT '{oop back and wait for next clock for next cell
GOSUB 6360 ¢ CHGILAT AND CHG2LAT

GOSUB 6150 ! GO COMPUTE CELL AVERAGE

GOsus 7150 / GO SUM TOTAL AMP HOURS

IF TOGG = 1 THEN GOSUB 4770 * DISPLAY 80 CELLS TO SCREEN

GOSUB 4440 : FOR DLY = 1 TO SO000 : NEXT : GOSUB 4440 ‘TWO BEEPS
IF T1 > 9 THEN GOSUB 3990 : Tl = 0

KEY(7) ON ‘enable F7 key

HC1# = 0 : HC2# = O

LCI¥ =3 : LC2# =3

KEY(7)STOP ‘DISABLE F7 UNTIL NEXT KEY(7) ON STATEMENT

GOTO 920 ‘go reset monitor ckts and start next 80

WAIT STATUS.REGISTER, WRITE.WAIT , WRITE.WALT

RETURN

’ SRR SN ND D cell Voltage too high a2l 112222212

If LOOP > 40 THEK F$ = “CELL OVER VOLTAGE OCCURED “ : GOSUB 4650 : RETURN

fOPEN LAST 40 RELAYS AND SECURE CHARGER # 2 AND LOOP BACK

1960

F$ = “CELL OVER VOLTAGE OCCURED * : GOSUB 4520 ‘OPEN FIRST 40 RELAYS A

ND SECURE CHARGER # 1

1970
1980
1990
2000
2010
2020
2030
2040
2050

RETURN f1.00P BACK TO CONTINUE TO CHECK CELLS ON OTHER CHARGER
¢ ewsket TP CHARGE, RESET OUTPUTS ekl
Gasus 2130 ‘set all analog and digital outputs to zero

PRINT:PRINT:PRINT:PRINT:PRINT :PRINT
PRINT ¥ wewsswswass  BATTERY CHARGE SECURED  *wweewwe u
PRINT:PRINT:PRINT :PRINT :PRINT :PRINT

GOSUB 2340 /GO PRINT LAST 80 TO “A:LAST80"
PRINT & ##%%  QELAYS HAVE BEEN LATCHED QPEN wwwwwrae
Gosus 3400 "GO SOUND THE AUDIO ALARM

PRINT : PRINT FS$ : PRINT

END

¢ wxedt GFT HIGH AND LOW BYTES TO CHG.I1 VALUE COMMANDED ¥  waewmaaw
KRIGHBYTE = INT(CHG.1 / 256)

LOWBYTE = CHG.I - HIGHBYTE * 256

GOsuUs 3290 ’GOSUB D/A OUTPUT SELECTED CHANNEL (CHAN)
RETURN

¢ wwsdw RESET ALL GJTPUT DIGITAL BITS AND ANALOG TO ZERQ wewwwaww
HRIGHBYTE = 0 : LOWBYTE = 0

FOR CHAN = 0 101

GOS(]{B 3290 *GOSUB D/A OUTPUT CHANNELs © & 1
NEX

DPORT = 0 : DWORD = 20 ‘81T TO RESET ALL RELAYS

GOsuB 3140 ‘GOSUB DIGITAL 1/0 PREPARATION
GOSuB 3210 ‘GOSUB DIGITAL 1/0 QUTPUT
DWORD = 0

Gosus 3210 GOSUB DIGITAL 1/0 OUTPUT
DPORT = 1 : DWORD = 0

Gosus 3140 ‘GOSUB DIGITAL 1/0 PREPARATION
GOsuB 3210 GOSUB DIGITAL 1/0 OUTPUT
RETURN

[ Andedeininbdedoind Output clock pulse on Port zero Bit zero  wettwheetanenes
DPORT = 0 : 1

GOSuB 3160 GOSUB DIGITAL 1/0 PREPARATION
GOsuB 3210 ‘Gosua DIGITAL 1/0 ouTPUT
DWORD = 0

Gosus 3210 'GOSUB DIGITAL 1/0 OUTPUT
RETURN

kool Go Print last 80 to A:LASTB0 *eeswaswus

TOPEN "O",#2,“A:LAST8O" fOPEN FILE TO STORE LAST 80 CELL VALUES
OPEN "lpt‘l"‘ FOR OUTPUT AS #2

PRINTH2, fNventtesaTRG A: LASTB0 wowenesswnnnnnas

PRINT#Z TIMES;" DATE ™ ;DATES TANNOTATE TIME

PRINT‘Z

FOR P = 1 T0 80 LOOP B0 TIMES TO GET MOST RECENT CELL VALUES

t‘F:sCEV:g’) = 1 THEK 2440  'CHECKS TO SEE IF THAT CELL HAS B8EEN LATCHED
=

GOTO 2450

LCS = AS

If PRNTFLG = 0 THEN 2510

PRINTS2, PR Sl fPRINT CELL VALUE AND RELAY LATCH

PRINT#2, usxuc & WawNh;cva(P);  'CONDITON
PRINT#2, DS ; LCS

PRNTFLG = 0

GO0 2550

PRINTH2, » »: P;" ", PRINT CELL VALUE AND RELAY LATCH
PRINTH2, USING®  #.##A;CVE(P);  ‘CONDITON
PRINTHZ, DS ; LCS;

PRNTFLG = 1

NEXT

PRINTAZ,

PRINT#2, “CELL AVERAGE = *;

PRINTHZ. USING “#. #490; CELLAVGS;

PRINT'Z TOTAL BATTERY VOLTAGE = b
muuz USING MR . 8%, TOTCELL . VAL#
PRINT'Z

PRINT#2, » ** YOTAL AH CHG #1 = %;
PRINTHZ, USING “WA#.#%; TOTALT.AKE;
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PRINTH2, " ** TOTAL AH CHG #2 = ";
PRINTHZ2, USING “#t#_#*; TOTALZ.AH#
PRINT#2,
PRINTH2. "HIGH CELLS ARE CELL NO. *; HCIN; "  ®;
PRINTH2. USING “H.###°; WCI¥;
"

PRINTH2, AND CELL NO. ~ ™ ;HC2N; " %;

PRINTHZ, USING “# ", HC2W

PRINTN2, “LOM CELLS ARE CELL NO. *; LCIN; “ %,

PRINT#2, USING “#. ##uv; LCI#;

PRINTH2, AND CELL NO. ™ ;LC2N; »  ™;

PRINTH2, USING "#.#twn; LC2#

PRINT#2,

PRINTH2, * ACTUAL CURRENT  *;

PRINTHZ, ¥ COMMANDED CURRENT"

PRINT#2, " CHARGER #1 (CELLS 1 THRU 40) IS "}
PRINI¥2, USING “#.###'"; CHGI.IM#;

PRINT#2, * AMPS ".CHG.T1#;" AMPS™
PRINT#2, “ CHARGER #2 (CELLS 41 THRU BU) IS °;
PRINT#2, USING "M M##"; CHG].2M#;

PRINT#2, » AMPS W-CHG.12#;% AMPS™

PRINT#Z,

CLOSE#2 : RETURN

RN AREY AID cmvERslm PETTI T LS 2t g L

GOsus 1920

OUT COMMAND.REGISTER, &HC ‘start A/D conversion to measure SET CHAN
Gosus 1920

OUT DATA.REGISTER, SETGAIN 'set gain

Gosus 1920

OUT DATA.REGISTER, SETCHAN *A/D conversion on SET CHAN
WAIT STATUS.REGISTER, READ.WAIT

LOWI# = INP(DATA_REGISTER) ‘get data low byte
WAIT STATUS.REGISTER, READ.WAIT .
HIGH1# = INP(DATA.REGISTER) fget data high byte
RETURN

1 swswewas  CHECK ACTUAL CHARGE CURRENT ~ ##ewirsase

SETGAIN = 3 : SETCHAN = 3 ¢ GAIN RANGE +/- 1.25

GOSUB 2860 r A/O CONVERSION

CHGI.IM# = ((HIGHI#® 256 + LOW1&) * .00061 - 1.25) * 12.5 '

IF (CHGI.IM# - CHG.I1¥#) > 8.75 THEN GOTO 3040 1S DIFF > .S AMPS

Y1 =1

F$ = " MEASURED CHARGE CURRENT ON CHARGER # 1 > COMMANDED CURRENT

SETGAIN = 3 : SETCHAN = 2 ¢ GAIN RANGE +/- 1.25

GOsuB 2860 ¢ A/D CONVERSION

CHGI.2M# = ((HIGHI#* 256 + LOWI#) * .00061 - 1.25) * 12.5 '

IF (CHGI.2M# - CHG.I2#) > B.75 THEN GOTO 3110 /1S DIFF > .5 AMPS

GOTO 3130

Y2 =1

;: = * MEASURED CHARGE CURRENT ON CHARGER # 2 > COMMANDED CURRENT"
TURN

¢ sews® DIGITAL [/0 PREPARE  #wwewdens

GOSUB 1920

WAIT STATUS.REGISTER, COMMAND.WAIY

OQUT COMMAND.REGISTER, 5

GOsus 1920

OUT DATA.REGISTER, DPORT

RETURN

/, HRARNER DIGITAL l/o w'rpur RERRERNBERS

WAIT STATUS.REGISTER, COMMAND.WAIT

OUT COMMAND .REGISTER, 7 *COMMAND IMMEDIATE DIGITAL QUTPUT

GOSuUB 1920

OUT DATA.REGISTER, DPORT 'SELECTED QUTPUT PORT

Gosus 1920

gE” gATA.REGlSTER, DWORD 1BITS TO SET HGH

TURN

s wswsex /A OUTPUT ON SELECTED CHANNEL (CHAN) ~ wewweiwad
GOsuB 1920 -

WAIT STATUS.REGISTER, COMMAND.WAIT

fPREPARE 1/0 PORT FOR OUTPUT
/SET PORT ZERO FOR OUTPUT

OUT COMMAND .REGISTER, CDAOUTY f IMMEDIATE O/A OUT
Gosus 1920
OUT DATA.REGISTER, CHAN *D/A CHANNEL SELECTED
GOSuUB 1920
OUT DATA.REGISTER, LOWBYTE
GOSuUB 1920
OUT DATA.REGISTER, HIGHBYTE
RETURN
[ AREARRER s“jND Cw"’lms M‘o ALAR“ TETRENARARDY
DPORT = 1 : DWORD = 2
Gosus 3140 'GOSUB DIGITAL 1/0 PREPARATION
Gosus 3210 'GOSUB DIGITAL 1/0 OUTPUT
RETURN

eentne SOUND THREE ALARMS AND APPEND CELL NUMBER TO

F l LE - cvw l F F - P22 22212412217
GOSUB 4440 : GOSUB 4440 : GOSUB 4440
OPEN ™A™, 4 “A:CVEDIFF*  /OPEN FILE TO STORE LAST B0 CELL VALUES
OPEN "LPT1:" FOR OUTPUT AS #4 ’PRINT FOLLOWING ON THE PRINTER
PRINT#G, : PRINT#4, : PRINTH#,
PRINT#4, » % TIMES ;*  DATE “; DATES
PRINTH4, CEVS : PRINT#S,
PRINTSL, “CELL ¥;LOOP; “VALUE IS *;
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PRINT#L, USING" ### M8 CELL.VALUE#;

PRINT#4, * VOLTS®

PRINT#4, CLCS

PRINTH#S,

PRINT#,, "*#***  ACTUAL CURRENT |§ wow** =»

PRINT#4, “CHARGER # 1 »;

PRINT#4, USING “###._##¥"; CHGI.IN#;

PRlNT#k HAMPSH - 1t CHARGER #2 v

PRINT#4, USING “###.#4"; CHGI.2M#;

PRINT#L, " AMPS®

PRINT#4, “COMMANDED CURRENT CHARGER # 1 1S “;CHG.I1#; "AMPS CHARGER

" -CHG. 12#; “AMPSY

PRINT#4, : PRINT#4,

CLOSE#S

RETURN

¢ ®eesed  STORE TIME OF CHARGE RATE CHANGE - SOUND TWO ALARMS  *wee
OPEN “A", #3, “A:CEVCHGRT*

OPEN "LPT1:™ FOR QUTPUT AS #3 /PRINT FOLLOWING ON THE PRINTER
ORINTHS, : PRINTA3, : PRINTH3,

PRINY#H3, TIMES; w w*#** CHARGE CURRENT RATE CHANGE OCCURRED  *#**w»

PRINT#3, “CELL NUMBER %; LOOP ; “WAS “;

PRINT#3, USING * ##.##¥»; CELL.VALUEY;

PRINTHZ, » y»

PRINTA3, CEVS : PRINT#3,

PRINT#3, CLCS : PRINTA3,

PRINTH3, wewssw  ACTUAL CURRENT bbb d B

PRINT#3, “CHARGER # 1 .

PRINTH#3, USING “#i#. #*“' CHGI . 1M#;

PRINTHS, * AMPSH;® CHARGER # 2 “;

PRlNT#3 USING “##* #iv; CHGI .2M#%;

PRlNTﬂ3, " AMPSH

PRINT#3, “COMMANDED CURRENT CHARGER # 1 IS “:;CHG.11#; “ AMPS CHARGER
" -CHG.12#;% AMPS"™

PRINT#3, : PRINT#3,

PRINTA3, FS : CLOSE‘3 GOSUB 4440 : GOSUB 4440 “SOUND TWO TONES

RETURN

rewdatanndt  TRIGGER CEV ENABLE ON PORT ONE BIT 2ERQ  wwwww

DPORT = 1 : DWORD = 1

Gosus 3140 'GOSUB DIGITAL 1/0 PREPARATION
Gosus 3210 ‘GOSUB DIGITAL 1/0 OUTPUT
DWORD = 0

GOsuUs 3210 ‘GOSUB DIGITAL 1/0 OUTPUT
RETURN

fhhddkhdhttens  RECORD TO A:CEVCHGRT BOTH CHARGERS SET TO 2 AMP *teeens
F$ = w wax BOTH CHARGERS SET TO 2 AMP RATE  ®nwu
GOSUB 3680 ‘GO STORE TIME OF RATE CHANGE TO A:CEVCHGRT
RETURN

’ 3412417 PRI"T 70 c:\BAS\TE"P1 NEAENRENREN

OPEN “a", #1, “templ®

PRINT#1, : PRINT#1,

pR]“T'1' n "tde ";DATES; L] L2221 n; 7]"5‘; " wRRREH

0 80
lgscev§§NU) = 1 THEN 4080 ‘CHECKS TO SEE IF THAT CELL HAS BEEN LATCHED
L =
GOTO 4090
LCS = AS
IF PRNFLG =0 TNEN 4150
PRINT#1, H o H ‘PRINT CELL VALUE AND RELAY LATCH
PRINT#1, USING “'§, ﬂ##“'CV#(NU), ‘CONDITON
PRINT#1, DS ; LCS
PRNFLG = 0
GOTO 4190
PRINT#1, NW; ‘PRINT CELL VALUE AND RELAY LATCH
PRINT#1, usinG » #, WY CVR(NY) ; ‘CONDITON
PRINT#1, DS ; LCS;
PRNFLG : 1
NEXT
PRINT#Y, ™ CHARGER # 1 .
PRINTHT, USING “##.#¥»; CHGI M8,
PRINTHT, ® AMPSH.» CHARGER #2 %
PRINT#1, USING .. s CHGI.2M¥;
PRIRY#i, " AMPS™
PRINT#1, “  CHARGE AT “;F$;
PRINT#1, CELL AVERAGE = “»
PRINT#1, USING % # ##¥v.CELLAVGH
PRINT#1, “HIGH CELLS ARE CELL NO. *; HCIN; * b
PRINT#1, USING “#.###%; HCI#;
PRINT#Y, ® AND CELL NO.  ® -HC2N; * bH
PRINTH1, USING “#.#4#"; HC2#
PRINT#1, “LOM CELLS ARE CELL NO. “; LCIN; ¢ bH
PRINTA1, USING “#.###n. LCI¥;
PRINTH1, » AND CELL NO. ' JLE2N; * "
PRINT#1, USING “#.##a%; LC2#
PRINT#1, » ** TOTAL AH CHG #1 = “;
PRINTHT, USING “W#¥.#%;TOTAL1.ANK;
PRINT#Y, » ** TJOTAL AH CHG #2 = &;
PRINTA1, USING “###.#";TOTAL2. AH#
PRI“7.1, L] LA d il ':DATES; " TRNEY u; TINES; L] LAl sl 1]
CLOSE#
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#(8);C
4830
4840
4850

GOSUB 4440 : GOSUB 4440 : GOSUB 4440 : GOSUB 4440 '4 BEEPS

RETURN

’ Ea i adddd ] SEND w‘r A BEEP NEETEEERRN A TTR

DPORT = 1 : DWORD = 2

GOSUB 3140 ‘GOSUB  DIGITAL 1/0 PREPARATION
Gosus 3210 ‘GOSUB DIGITAL 1/0 OUTPUT

FOR Q = t TO 1000 : KEXT *DELAY FOR TWO SECONDS

DWORD = 0 ‘TURN OFF ALARM

Gosus 3210 'GOSUB  DIGITAL 1/0 QUTPUT
RETURN

+ wws  SECURE FIRST 40 RELAYS STOP CHARGER # 1  ***
CHG.] = 0 : CHAN = 0 : GOSUB 2080 ' STOP CHARGER ¥ 1
DPORT = 0 : DWORD = & 'RESET RELAYS 1 - 40  J2/48
GOSUB 3140 : GOSUB 3210  ‘DIG 1/0 PREPARE : DIG 1/0 OUTPUT
DWORD = 0 : GOSUB 3210

CEVS = W ®exat  CHARGER # 1 SECURED  wweeun

CLCS = # wewss  DREIAYS 1 THRU 40 RESET OPEN  ##wewn
CHG.I1# = 0 : STCHG1 = 0

Gosur 3680 fSOUND TWO BEEPS AND PRINT MSGS

GOSUB 3400 GO SOUND CONTINUOUS ALARM

FOR RSTCEVS = 1 TO 40 : CEVS(RSTCEVS) = 0 : NEXT

RETURN

’

¢+ wat GECURE LAST 40 RELAYS STOP CHARGER # 2  ***

CHG.1 = 0 : CHAN = 1 : GOSUB 2080 ‘ STOP CHARGER # 2

DPORT = 0 : DWORD = 16 fRESET RELAYS 41 - 80  J2/47
GOSUB 3140 : GOSUB 3210 ‘DIG 1/0 PREPARE : DIG 1/0 OUTPUT
DWORD = 0 : GOSUB 3210

CEVS = ®# #*edwx  CHARGER # 2 SECURED  ®wwwen

CLCS = » =ww**  QELAYS 41 THRU 80 RESET OPEN  *%***n
CHG.I2# = 0 : STCHG2 = 0

GOSUB 3680 SOUND TWO BEEPS AND PRINT MSGS

GOsuB 3400 GO SOUND CONTINUOUS ALARM

FOR RSTCEVS = 41 TO B0 : CEVS(RSTCEVS) = 0 : NEXT

RETURN

¢+ weaax print to screen all cell values

' and print the current from both chargers  **we+
PRINT

PRINT * 1 2 3 4 5 6 7 8 9

PRINT * 145

PRINT USING % #¥_ ##" CV#(1);CVH(2);CVH#(3);CVH(L);CVA(5);CVR(6);CVRK(T);CV
V#(9);CV#(10)

PRINT

PRINT “it#;

PRINT USING ® ##.#5#%CVH(11);CV#(12);CVE(13);CV¥(14) ;CVR(15) ;CVR(16);CVE

(17);CVH#(18); CV#(19); CV#(20)

4860
4870
4880
27);¢C
4890
4900
4910
(37);C
4920
4930
4940

PRINT

PRINT #21#;

PRINT USING * ##. ##";CV#(21);CVH(22);CVH(23);CVA(26);CVR(25);CVR(26) ;CVH
V#(28) ; CV#(29); CVH#(30)

PRINT

PRINT ®31%;

PRINT USING ™ #¥ #4%;CVH(31);CVH(32);CVH(33); CVH(34);CVH(35); CVH(36) ;CV#
V#(38);CVA(39) ; CV#(40)

PRINT

PRINT ®41%;

PRINT USING ™  ##.##"; CVH(41);CVH(42); CVE(AS) ;CVH(44) ;CVI(45); CVE(46) ;CVA

(47);CVE(48);CVH(49);CVR(50)

4950
4960
4970
(57);C
4980
4990
5000

PRINT

PRINT ®51%;

PRINT USING * #.#%";CVH(51);CVH(52) ;CVE(53);CVR(54) ;CVI(55) ;CVH(56) ;CV#
V#(58) ;CV#(59);CV#(60)

PRINT

PRINT %61%;

PRINT USING “ #¥ ##%;CVH(61);CVH(62);CVH(63); CVE(64) ; CVH(65);CVR(66) ;CV#

(67);CVH(68);CVR(69);CVI(TO0)

5010
5020
5030
(77);C
5040
5050

5130
5140
5150
5160
5170
5180
5190

PRINT

PRINT %71%;

PRINT USING ® ##.##%;CVH(T1);CVE(T2);CVH(T3);CVN(T74);CVA(TS);CVE(T76),;CV¥
VH#(78); CV#(79) ; CV#(80)

PRINT

PRINT “CELL AVERAGE = “;
PRINT USING "#.###";CELLAVGH;
PRINT % #* TOTAL AH CHG #1 = »;
PRINT USING “M##_#";TOTAL1.AKS;
PRINT » ** TOTAL AH CHG #2 = »;
PRINT USING “###.#%:TOTALZ.AHN
PRINT “HIGH CELLS ARE CELL NO. *; HCIN; “ LH
PRINT USING ™. %N, HC1¥;
PRINT » AND CELL NO. ™ ;HC2N; % LH
PRINT USING "#.#44"; HC2#
PRINT “{OW CELLS ARE CELL NO. ™; LCIN; * LA
PRINT USING “# ., LCI¥;
PRINT % AND CELL NO.  * ;LCoN; ® b
PRINT USING "#.#¥4"; LC2#
PRINT ®TOTAL NUMBER OF CELLS LATCHED FOR 1 THRU 40  *; CHGILAT; ®  FOR

CELLS 41 THRU 80  ™;CHG2LAT

5200
#21

PRINT % COMMANDED CURRENT CHARGER # 1 IS * ; CHG.I1#; " AMPS  CHARGER
S ®; CHG.12#; * AMPS™
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5210 PRINT ® ACTUAL MEASURED CURRENT CHARGER # 1 »;
5220 PRINT USING “##. ##": CHGI.1M¥;
§230 PRINT " AMPS¥;%  CHARGER # 2 “;
5240 PRINT USING “##_.##". CHGI . 2M#;
5250 PRINT * AMPS®
5260 RETURN
5270 ' hRRERaNE TOGGLE DISPLAY ON/OFF erRRaENy
5280 If TOGG = 1 THEN 5300
5290 IF TOGG = O THEN 5310
5300 T0GG = 0 : GOTO 5320
5310 TOGG = 1
5320 RETURN
5330 ¢
5340 4 wwkd®  PRINT CELL VALUE AND CHARGER CURRENT TO DISPLAY sware
S350 ¢
5360 PRINT “CELL NUMBER * ; LOOP ; LCS; " CELL VALUE IS";
5370 PRINT USING “##¥.###"; CELL.VALUE#
5380 ’ PRINT “YOTAL NUMBER OF CELLS LATCHED IS “: TOT.CELL;
5390 / PRINT * " F$
5400 PRINT "CHARGER # 1 *;
5410 PRINT USING “###.#8%; CHG1.1M#;
5420  PRINT " ANPS";® CHARGER # 2 »;
5430 PRINT USING “AM#.##; CHGI.2M¥;
5440 PRINT » AMPS™
5450 PRINT “COMMANDED CURRENT CHARGER # 1 IS “;CHG.I1#; “AMPS CHARGER ¥ 2
1S ;CHG.12#;“AMPS®
5460 PRINT : PRINT
5470 FOR PRDL = 1 TO 2000 : NEXT
5480 RETURN
5490 ¢
5500 LI bbb ADJUST CHG.1 FOR OUTPUT CURRENT CHANGES wowewsstaandws
5510 ¢ w&s  CHARGER # 1 CURRENT CHANGE ONLY  weets
5520 CHAN = 0 : GOSUB 2080 : RETURN
5530 ¢ %% CHARGER # 2 CURRENT CHANGE ONLY  #wweew
5540 CHAN = 1 : GOSUB 2080 : RETURN
5550 1 %=  CHANGE CURRENT ON BOTH CHARGERS wwswee
gggg GOSUB 5510 : GOSUB 5530 : RETURN
’
5580 ! esaveess D]ISPLAY MEASURED CURRENT bbbl
5590 FOR CC = 1 TO 5
5600 GOsus 2980 ! GET CHGI.1M# AND CHGI.2M#
5610 PRINT “CHARGER # 1 *;
5620  PRINT USING “###.#¥"; CHGI.1M#;
5630  PRINT " AMPS®;® CHARGER # 2
5640 PRINT USING “###.#4“; CHGI.2M#;
5650 PRINT ™ AMPS"
5660 PRINT : PRINT
5670 FOR CCO = 1 TO 1000 : NEXT
5680 NEXT
5690 PRINT ™IS CURRENT MEASURED OK? (y,n)"
5700 CCas = INPUTS(1)
5710 IF CCQ$ = “y* THEN RETURN
5720 IF CCQ$ = *n* THEN 5740
5730 GOTO 5690
5740 PRINT "IS CHARGER # 1 CURRENT VALUE OK? (y,n)“
5750 cCas = INPUTS(Y)
5760 IF CCQS = “y" THEN S870
$770 [f CCOS = “n* THEN S790
5780 GOTO 5740
5790 PRINT “COMMANDED CURRENT ON CHARGER # 1 IS ™ ; CHG.11# : PRINT
5800 PRINT “INPUT DESIRED VALUE FOR CHARGER # 1%
5810 INPUT CHG.11#
5820 IF STCHG OR STCHG1 > O THEN S840 ‘2 AMP RATE RELAY ENABLE SET
5830 GOTO 5850
5840 1F CHG.11# > 2.5 THEN GOSUB 6590 : GOTO 5790
5850 CHG.I = CHG.11# * 255
5860 GQsuB 5510 : GOTO 5590
5870 PRINT “COMMANDED CURRENT ON CHARGER # 2 IS ™ ; CHG.I2# : PRINT
5880 PRINT “INPUT DESIRED VALUE FOR CHARGER # 2%
5890 INPUT CHG.I2#
$900 1F STCHG OR STCHMG2 > O THEN 5920 ‘2 AMP RATE RELAY ENABLE SET
5910 GOTO 5930
5920 IF CHG.I2# > 2.2 THEN GOSUB 6590 : GOTO 5870
5930 CHG.1 = CHG.12# * 255
5940 GOSUB 5530 : GOTO 5590
5950 bbb PRINT RELAY LATCH CONDITIONS bdaknbedadedo bl
5960 PRINT
S970  PRINT » RELAY LATCH CONDITTIONS ( O = OPEN 1 = CLOSED )" : PRINT
59809 PRINT ¥ 1 2 3 4 5 é 7 8
Ll
5990 PRINT : PRINT
6000 PRINT » »eCEVS(1);"» ".CEVS(2);" ».CEVS(3);" ".CEVS(4);¥
".CEVS(S5);" ".CEVS(6);" “.CEVS(T7);*" ",CEVS(8);" *.CEVS(9);"
»:CEVS(10)
6010  PRINT * #.CEVS(11);% “;CEVS(12);" “,CEVS(13);" “.CEVS(14)
P WCEVS(15);% © T W;CEVS(16);%  W;CEVS(17);" T W;CEVS(18);% ' WiCEV
$¢19);% * ;CEVS(20)
6020 " PRINT % w;CEVS(21);®  W;CEVS(22);*  ";CEVS(23);*  “;CEVS(24)
;" ™;CEVS(25);% “;CEVS(26);% = “;CEVS(27);“ “;CEVS(28);" “;CEV
$(293;% ' ;CEVS(30)
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6030 PRINT * n.CEVS(31);" w.CEVS(32);" Y, CEVS(33);" “.CEVS(34)
I w;CEVS(35);" ";CEVS(36);" “;CEVS(37);" u;CEVS(38);" " CEV
$(39);% v CEVS(40)
6040  PRINT * u;CEVS(41);% w;CEVS(42);" ";CEVS(43);" ";CEVS(44)
™ w:CEVS(45);" w;CEVS(46);" w;CEVS(4T);" ";CEVS(4B);" ", CEV
S(49);" »:CEVS(50)
6050 PRINT * ".CEVS(51);" ».CEVS(52);" “:CEVS(53);" “:CEVS(54)
e “.CEVS(55);" u.CEVS(56);" ", CEVS(S5T);" “.CEVS(58);" v-CEV
$(59);" w; CEVS(60)
6060 PRINT * ".CEVS(61);" u.CEVS(62) ;% . CEVS(63);" “;CEVS(64)
Had ", CEVS(65);" . CEVS(66);" ", CEVS(67) ;" ", CEVS(68) ;" ", CEV
SC69) ;" u:CEVS(70)
6070 ~ PRINT #_ w:CEVS(71);% “;CEVS(T2);" "; CEVS(T3);" ";CEVS(74)
G ; CEVS(T5);" “;CEVS(76);" " CEVS(T7);" “;CEVS(78);" ";CEV
S(79);" " CEVS(80)
6080  RETURN
6090 ’ ARRNAAEY SECURE Awlo ALAR" E13 2212313 1]
. 6100 DPORT = 1 : DWORD = O
. 6110 GOSUB 3140 'GOSUB DIGITAL 1/0 PREPARATION
6120 Gosus 3210 'GOSUB DIGITAL 1/0 OUTPUT
6130 RETURN
6140 ¢
Y 6150 I P11 12212214 cmPuTE CELL AVERAGE EEANEBNAN
6160 CELLAVGH = 0 : TOTCELL.VAL¥ = 0
6170 FOR CA = 1 TO 80
6180 TOTCELL.VAL# = TOTCELL.VAL# + CV#(CA)
6190 NEXT )
6200 CELLAVGH = TOTCELL.VAL¥ / 72 |
6210 RETURN
6220 ! sesvassrnr  print test cell and return to stop hbabeiniabeieininbbedel
6230  PRINT %“cell number *; LOOP;" is “;
6240  PRINT USING “#.##4v; CELL.VALUE#;
6250 PRINT * volts®
6260 RETURN
6270 rewanenss  OUTPYT PULSE TO RESET COUNTERS AND MONITOR CIRCUIT wwwweas
6280 DPORY = 0
6290 GOSuB 3140 'GOSUB DIGITAL [/0 PREPARATION
6300 OWORD = 8
6310 Gosus 3210 7GOSUB DIGITAL 1/0 OUTPUT
6320 DWORD =
6330 Gosus 3210 ‘GOSUB DIGITAL 1/0 OUTPUT
6340 GOSUB 2270 ‘OUTPUT CLOCK TO IGNOR FIRST A/D SAMPLE
6350 RETURN
6360 + *** record cevs totals for both chargers and tot.cell  ##ww*
6370 TOT.CELL = 0 : CHGILAT = 0 : CHG2LAT = 0
6380 FOR CLTS = 1 0 40
6390 1F CEVS(CLTS) = 1 THEN 6410 ! SUM LATCHED CELLS FOR CHG #1
6400  GOTO 6420
6410  CHGILAT = CHGILAT + 1
6420  NEXT
6430 FOR CLTS = 41 70 80
6440 If CEVS(CLTS) = 1 THEN 6460 ¢ SUM LATCHED CELLS FOR CHG #2
6450  GOTO 6470
6460  CHG2LAT = CHG2LAY + 1
6470  NEXT
6480 IF CHGILAT => 38 THEN CHGILAT = 0 : F$ = *wwewwwse QSX OF FIRST 40 L
ATCHED  weweetdaawtessswn : GOSUB 4520 ¢ SECURE CHG #1 AND OPEN RELAYS 1-40
6490 IF CHG2LAT => 38 THEN CHG2LAT = 0 : F$ = %  wweeawwaw G5X OF LAST 40 LA
TCHED  wewwsessean . GOSUB 4650 ¢ SECURE CHG #2 AND OPEN RELAYS 41-80
6500 RETURN
6510 ¢+ wee*  SET HCI#¥ TO CVH(LOOP)  ww#w
6520 HC1# = CV#(LOOP)
6530 KCIN = LOOP
6540 RETURN
6550 4 net®  GET HC2# TO CVAH(LOOP)  weee
6560 HC2# = CVR(LOOP)
6570  KC2N = LOOP
6580 RETURN
6590  1onsasane ALERT OPERATOR TO SET CURRENT BELOW 2.2 AMPS oddobioddedodold
6600 PRINT
b4 6610  PRINT “RELAY ENABLE IS SET FOR THE CELLS AFFECTED BY THIS CHARGER §i®
6620 PRINT PRINT » AEERREREEE 2 AMPS OR LESS i 42222122 1)
6630 PRINT : PRINT ® PRESS ANY KEY TO CONTINUE ™
6640  CONTINUES = INPUTS(Y)
6650 RETURN
) 6660 1 eenee SECURE CHARGER ON LOW CELL DETECT bbbl
6670 IF LOOY < 41 THEN GOSUB 4520 : GOTO 6690
Gosus 4650 *SECURE CHARGER #2 AND LAST 4D RELAYS
6690 RETURN
6700 rweta*  SECURE CHARGER NO. 1, NO CHARGER CURRENT wewwee
6710 F$ = we*® 3O CHARGER CURRENT WITH RELAY ENABLE SET ON CHARGER NO. 1 **
*u . GOSUB 4520 : STCHG = 0 : STCHG! = O
6720 RETURN
6730 ewwaas  SECURE CHARGER NO. 2, NO CHARGER CURRENT ww##*
6740 F$ = wse**  NO CHARGER CURRENT WITH RELAY ENABLE SET ON CHARGER NO. 2 **
*u . GOSUB 4650 : STCHG = 0 : STCHG2 = O
6750 RETURN
6760 ¢*** CHECK IF LOOP OM 1-40 OR 41-80 TYHEN SECURE APPLICABLE CHARGER ***
6770 1F LOOP < 41 THEN GOSUB 4520 : RETURN
6780 GOSUB 4650
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RETURN

¢ wes%  SET HIGH CELL (LCY#) TO CV#(LOOP)  ****

LC1# = CVH#(LOOP)

LCIN = LOOP

RETURN

r wxesx SET LOW CELL (LC2#) TO CV#(LOOP)  =ew»

LC2# = CV#(LOOP)

LC2N = LOOP

RETURN

¢ wtwke SET CELL ENABLE VOLTAGE RELAY LATCH (CEVS) #ww*#*
PRINT “RELAY CELL NUMBER ?"

INFUT CN

CEVS(CN) = !

PRINT “INPUT RELAY CELL NUMBER? (y,m)"

RCVSS = INPUTS(1)

IF RCVSS = “y" THEN GOTD 6880

1F RCVSS = “n" THEN RETURN

GOTO 6920

rease STORE AMP-HOURS OUT TO HARD DISC  #wees

PRINT “INPUT AMP-HOURS FROM BATTERY DISCHARGE"

INPUT AMPHOUR

OPEN “A%, #1,6 “TEMPI

PRINT#1, : PRINT#1, : PRINT#1,

PRINT#1, TIMES; * DATE “;DATES ‘ANNOTATE TIME AND DATE
PRINT#1, : PRINTHIT,

PRINT#1, : PRINT#1,

PRINT#T, * wekde AMP HOURS OUT SINCE LAST CHARGE IS bH

PRINT#1, AMPHOUR; % - wwtwesn /PRINT AMPHOUR FROM DISCHARGE
PRINT#1, : PRINT#1,

CLOSE#1

RETURN

+ w##> SET PREDECTIME# FOR AMPHOUR SUMS AT START OF CURRENT COMMAND *w+
GOSUB 7240 ' RETURNS VASLUE FOR TIME (DECTIME®); IN HOURS
DECTIMESTART# = DECTIME#

PREVDECTIME# = DECTIME#-1/3600

RETURN

¢+ wasws  SM THE TOTAL AMP-HOURS TOTAL1.AH# AND TOTALZ2.AHE  =w¥ewases
GOSUB 7240

DELTATIME# = DECTIME# - PREVDECTIME#

DELTAT.AKE = CHGI.THM# * DELTATIME#

DELTA2.AH¥ = CHGI.2M# * DELTATIME#

TOTAL1.AR# = TOTAL1.AH# + DELTA1.AH#

TOTAL2.AH# = TOTAL2.AH# + DELTAZ.AN#

PREVDECTIME# = DECTIME#

RETURN

s wwssees  GET DECIMAL TIME (DECTIMEN); IN HOURS  *eeswwees

HR = VAL(MIDS(TIMES,1,2))

MIN# = VAL(MIDS(TIMES,&,2))/60

SEC# = VAL(MIDS(TVINES,?,2))/3600

DECTIME# = HR + MINK + SECH

RETURN
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